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There is some reason to fear that the feeling of any one who may 
examine in detail this edition and translation of Varaha Mihira’s astronomi¬ 
cal work will, in the first place, be wonder at the boldness of the editors. 
I am indeed fully conscious that on the imperfect materials at our disposal 
an edition in the strict sense of the word cannot be based, and that what we 
are able to offer at present deserves no other name but that of a first attempt 
to give a general idea of the contents of the PanchasiddhUntiM. It would, 
in these circumstances, possibly have been wiser to delay an edition of the 
work until more correct Manuscripts have been discovered. Two consider¬ 
ations, however, in the end induced us no longer to keep back the results, 
however imperfect, of our long continued endeavours to restore and elucidate 
the text of the Panchasiddh&ntikii. In the first place we were encouraged 
by the consideration that texts of purely mathematical or astronomical con¬ 
tents may; without great disadvantages, be submitted to a much rougher and 
bolder treatment than texts of other kinds. What interests us in these works, 
is almost exclusively their matter, not either their general style or the parti¬ 
cular words employed ; and the peculiar nature of the subject often enables 
us to restore with nearly absolute certainty the general meaning of passages 
the single words of which are past trustworthy emendation. And, in the 
second place, we feel convinced that even from that part of the Paneha- 
siddh&ntikk which we are able to explain more is to be learned about the 
early history of Sanskrit Astronomy than from any other work which has 
come down to our time. 

Imperfect and fragmentary as text and translation are, we may assert 
at any rate that, in our endeavours to overcome the quite unusual obstacles, 
which the corrupt and bare text of the Panehasiddh&ntik& opposes to the 
interpreter, we have spared no trouble. The time and thought, devoted to 
the present volume, would, I may say without exaggeration, have amply 
sufficed for the editing and explaining of twenty times the amount of text 
presenting only normal difficulties. This I mention, not of course in order to 
extol what we have been able to do, but only as an excuse for what we see 
ourselves obliged to leave undone. 

Next to the lamentable state of the text as appearing in the two Manu¬ 
scripts at our disposal, the greatest disadvantage under which we laboured 
was the absence of a Commentary. Commentaries can be hardly done with¬ 
out in the case of any Sanskrit astronomical work; much less so, when the 
text, as that of the Pan.chasicldhhn.tika, describes many mathematical pro- 
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cesses more or less diverging from those commonly employed. Commentaries 
probably existed formerly, and possibly exist even now; but we have failed 
to procure any. The Commentary published in the present volume is an 
entirely original composition by my Collaborator. A mere translation of the 
text with notes would, indeed, have sufficed for the European reader; we 
however, wished to make the results of our labour accessible to Pandits also 
who understand no English. And a full tik& giving full demonstrations 
in the ordinary Hi add style will, in many cases, he useful to the European 
student also. ,, 

The right hand columns of the text give the emended text; the left 
hand columns the text of the better one of our two Manuscripts which we 
thought advisable to exhibit in extenso. Some remarks on the Manuscripts 
and the mode of emendation of the text will be found at the end of the 
Introduction. 

As this preface is signed by myself only, I may, I think, here 
acknowledge—in a somewhat more explicit way than the mere association of 
names on the title page is capable of doing—the great obligations under 
which I am to my collaborator Pandit Mahamohopad hy&ya Sudhakara 
Dvivedl. His constant assistance was altogether indispensable to me, and 
all the more welcome as among the Jyautishas of my acquaintance I know of 
no other, fully equal to work of this kind and at the same time equally ready to 
devote himself to a task which in certain aspects is so entirely unremunerative. 
I may express the hope that the Pandit, who is already so well known for 
his efforts to spread a knowledge of modern higher Mathematics among his 
countrymen, will continue to devote a part at least of his learning and talents 
to the elucidation of the ancient history of science in this eountry. 

I further wish to express my best thanks to the Bombay Government 
and to Professor B. G. Bhandarkar, who with great liberality have allowed 
me the use, for lengthened periods of time, of all those Manuscripts in their 
charge which I required for the present edition. Nor must I omit to record 
my obligations to Professor G. Buehler to whose activity, when in charge of 
the search for Sanskrit Manuscripts in parts of the Bombay Presidency, we 
are indebted for the discovery of the two Manuscripts on which this edition 
is based. 


All.IhabAd : 

15th December, 1888. 


G. THIBAUT. 



INTRODUCTION. 


The Panchasiddhantika by Varaha Mihira occupies a marked position 
of its own in Indian astronomical literature. As a rule works treating of 
that branch of science claim either to be directly revealed, as f i. the Sftrya 
Siddh&nta in that form which lias come down to our time; or else to base in 
all essential points on some older work of divine origin, as f i. the Siddh&ntas 
by Brahmagupta and Bh&skar&charya, both of which are reproductions, 
however greatly amplified and improved, of an old Pait&maha Siddhanta, 
One of the consequences of this is, that these works claim for themselves 
direct or derived infallibility, propound their doctrines in a calmly dogmatic 
tone, and either pay no attention whatever to views diverging from their own, 
or else refer to such only occasionally, and mostly in the tone of contemp¬ 
tuous depreciation. The latter attitude is assumed f i. by Brahmagupta 
who indeed devotes a special chapter to the task of reviewing those astronomi¬ 
cal systems which were opposed to the'teaching of the Brahma Siddhanta, 
but who would have rendered that part of his work much more valuable and 
interesting, had he been less anxious to criticize and ridicule than to impart 
information. The astronomical writers, it is true, therein only exemplify 
a general mental tendency which displays itself in almost every department 
of Hindi! Literature; but mere dogmatic assertion appears more than 
ordinarily misplaced in an exact science like astronomy, and the absence of 
all appreciative reference to the views of preceding authors is particularly 
vexatious, when we have to do with a branch of Hindi! Learning which 
shows clear traces of having been remodelled under the influence of Greek 
teaching. 

To the general rule the Panchasiddhantika forms a striking exception. 
As far as we can judge at present, Varaha Mihira was the only one among 
Hindi! writers on astronomy who thought it worth while to give an exposition 
of all the more important forms of astronomical doctrine which were current 
at his time. Not that he was unable to judge of the relative value of the 
systems which offered themselves to his examination; for, as we shall see 
further on, he knew very well in what order of merit the five Siddh&ntas 
whose teaching he summarizes are to be arranged. But he seems ready to 
acknowledge that even inferior systems deserve a certain amount of atten¬ 
tion, as long as they continue to occupy in certain circles a position of 
authority; and he appears not to be altogether incapable of taking a purely 
intellectual interest in examining the various, more or less perfect, methods 
which may be applied to the solution of scientific problems. At the same 
time he seems to have no hesitation to acknowledge the connexion of the 
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modem phase of Hindu astronomy -with Greek science. Although not 
directly stating that the Hindfts learned from the Greeks, he at,any rate 
mentions certain facts and points of doctrine which suggest the dependence 
of Indian astronomy on the science of Alexandria; and, as we know already 
from his astrological writings, he freely employs terms of undoubted Greek 
origin. The Pahchasiddhautika thus becomes an invaluable source for him 
who wishes to study Hindfi astronomy from the only point of view which 
can claim the attention of the modern scholar, viz. the historical one. 

Regarding its form the PanchasiddMntiM belongs to the class of the 
so-called karanagranthas i. e. compendious astronomical treatises which do 
not set forth the theory of the subject at comparative length as the 
SiddMntas do, but merely supply a set of concise—and often only approxi¬ 
mately correct—rules which suffice for the speedy performance of all the more 
important astronomical calculations. It however contains a few chapters 
whose contents lie outside the limits of a mere ltarana and resemble the cor¬ 
responding chapters of the best known SiddMntas ; notably the chapter which 
describes the general constitution of the universe, and the 15th chapter called 
Jyotishopanishad. And it of course decidedly distinguishes itself from all 
ordinary karanas by the fact that it does not base on any one particular 
Siddhanta, but undertakes to reproduce the more important doctrines of five 
different SiddMntas. 

These five SiddMntas, named by Varaha Mihira in the first chapter, 
are the Paitamaha, V&sishtha, Romaka, Paulina and Saura Sicldhantas. 
Varaha Mihira there also states his view as to their order in importance, 
assigning the first place to the Surya SiddMnta, placing next the Romaka and 
PauliM SiddMntas as about equally correct, and declaring the two remaining 
works to be greatly inferior to the three mentioned. In agreement with this 
estimate very different amounts of space are allotted to the individual Sid- 
dh&ntas in the body of the work, the Sfirya SiddMnta and Paulina Siddhanta 
being treated at some length, next to these the Romaka, and very little atten¬ 
tion being paid to the Fait&maha Siddhanta, and, although this is a point 
somewhat difficult to decide, to the Vasishtha Siddhanta. 

In addition to the general character of the five SiddMntas, this differ¬ 
ence of treatment is owing to a special cause, mentioned by Varaha Mihira 
in the first chapter viz. his wish to devote the Pancliasiddhantika chiefly to 
the task of setting forth the calculation of solar eclipses, the most difficult 
problem attacked by Hindu astronomers. The Paitimaha Siddhanta at any 
rate was altogether incapable of furnishing any rules to that end; and so 
perhaps also the old Vasishtha SiddMnta. 
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I now proceed shortly to discuss the teaching of each of the five 
SiddMntas as represented by Var&ha Mihira. This, however, requires the 
preliminary settlement of two questions. 

In the first place we must attempt to ascertain with accuracy which 
chapters of the Panchasiddhantika are devoted to each of the five worts in 
question.—This is a task beset by considerable difficulties, as we have no 
commentary to assist us, and as the indications to be met with in the text as 
well as in the colophons of the chapters, as exhibited by the two Manuscripts 
at our disposal, do not, in all cases, enable us to arrive at definite conclusions. 

I begin with those chapters, fortunately constituting the majority, 
which allow themselves to be referred to their respective sources with confi¬ 
dence.—The very short twelfth chapter is, in its colophon, called Paitamaha 
SiddMnta, and is in its first stanza declared by Varaha Mihira himself to base 
on the teaching of Pit&maha ; it is the only chapter in the whole work which 
is concerned with that Siddhanta.—The eighth chapter treats, according to 
its colophon, of the calculation of solar eclipses according to the Romaka 
Siddh&nta; and that this really is so, we again have no reason to doubt, as the 
first stanza refers to the Romaka by name, and as, moreover, the contents 
of the chapter agree with the statements made in the first chapter about the 
yuga and the ahargana of the Romaka Siddh&nta.—The ninth, tenth and 
eleventh chapters undoubtedly summarize the doctrines of the Sfirya Sid¬ 
dMnta, as is stated in the colophon, indicated in the first stanza of chapter 
IX, and borne out by the general agreement of the contents of the three 
chapters with the Shrya Siddh&nta as known at present. The sixteenth 
chapter contains, according to the colophon and to stanza 1, the rules of the 
Sfirya SiddMnta for finding the mean places of the planets ; and the seven¬ 
teenth chapter which teaches how to calculate their true places we may 
without hesitation refer to the same SiddMnta. 

Among the remaining chapters of the work I at first single out those 
in which Var&ha Mihira apparently does not intend to reproduce specific 
features of one particular SiddMnta, but rather to summarize doctrines held 
by all the more advanced astronomers of his time, and most probably set forth, 
with greater or less variations, in three of his five SiddMntas, viz., the Shrya, 
Paulina and Romaka SiddMntas. To this class of chapters, in which we 
discern more of the individual Varaha Mihira than in the remainder of the 
work, I feel inclined to reckon three or perhaps four sections. In the first 
place the thirteenth chapter, designated in the colophon as ‘trailokya- 
samsth&na’, which gives a popular exposition of the sphericity of the earth 
and the different aspects of the celestial sphere which are due to difference of 
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terrestrial latitude. The mode of treatment of these questions is no doubt 
Varalia Mihira’s own, as also the interesting criticisms passed on some 
astronomical schools. In the same way the fourteenth chapter, which is 
chiefly engaged in showing how certain results may be obtained not only by 
calculation but more directly by observation and the inspection of certain 
mechanical contrivances, appears, on the whole, to be Varaha Mihira’s own, 
although the more scientific of his five Siddhantas no doubt treated of those 
topics in a similar manner. The same remarks apply to the fifteenth chapter 
which is even more distinctly individualistic, and contains interesting re¬ 
ferences to other astronomers. I am more doubtful about the position of 
chapter IV. which in the colophon is merely counted as such, without any 
special designation. The matter of the chapter corresponds to what in the 
best known astronomical works is set forth in the so-called tripra^nadhikara, 
with the addition, however, of rules for calculating the table of sines (which 
ordinarily are given in the spashtudhikara). It is not improbable that here 
also Var&ha Mihira sums up, in his own fashion, whatever he found of value 
in the corresponding chapters of the Romaka, Paulina and Surya Siddh&n- 
tas. On the other hand, as the fourth chapter follows and precedes chapters 
specially devoted to the Paulina Siddh&nta, it is not impossible that its 
contents are meant to sum up the teaching of that Siddhanta only. The 
decision in this ease is however of no very great importance, as the rules 
given in the fourth chapter on the whole closely agree with the general 
Siddh&nta doctrine. 

Among the chapters not yet discussed we first notice the sixth chapter 
which the colophon states to treat of solar eclipses according to the Paulisa 
Siddhanta. I see no reason for rejecting this statement; for although the 
text of the chapter itself does not refer to the Paulisa Siddh&nta, it most 
. probably actually bases on the teaching of this latter work, since the two 
other chapters (VII and VIII) which teach the theory of solar eclipses cer¬ 
tainly refer to the Sftrya and Romaka Siddhantas. From this again it follows 
with great probability that also the sixth chapter, which treats of lunar 
eclipses, represents the teaching of the Paulina Siddhanta ; and if so, 
then likewise the fifth chapter merely designated as S'aSidarsanam. These 
assumptions are confirmed by the fact that these three chapters treat only of 
the calculation of eclipses in the narrower sense, to the exclusion of all preli¬ 
minary operations, such as the ascertainment of the mean and true longitudes 
etc. of sun and moon, so that an introductory chapter setting forth those 
latter topics is required. Now, a chapter of this nature is supplied by the 
third one of the Panchasiddhantiki which gives rules for finding the mean 
and true places of the sun (and of the moon ?) and for similar operations, and 



INTKODUCTIGN. 


Xi 


■which, in its colophon at least, is said to represent the teaching of the Paulida 
SiddMnta. The relation, however, of the third chapter to the one immediately 
preceding is puzzling. The second chapter is, in the colophon, merely desig¬ 
nated* as nakshatradichchheda,” but its contents comprise firstly a rule or 
set of rules for finding the mean (and perhaps also true ?) places of the moon 
(stanzas 1—7), and, secondly, a set of rude, approximative rules for calculat¬ 
ing the length of the day at any time of the year, the length of the shadow 
of the gnomon, and, from the latter, the mean place of the sun, and the lagua 
(and vice versa ; stanzas 8—13). The chapter concludes with the words 
<l This is the (calculation of the) shadow according to the concise V&sishtha 
Siddhiuita.” The question now is, whether this whole chapter has to be 
viewed as epitomizing the Vasislitha Siddh&uta, or whether that work is 
represented only by its latter part. The rules contained in stanzas 8—13 are 
of a very rough character, and can, for that reason, hardly come from the 
Paul ilia Siddhanta; their character, on the other hand, agrees very well with 
the criticism passed by Var&ha Mihira, in the first chapter, on the imperfec¬ 
tions of the Vasislitha SiddMnta. It is more difficult to arrive at a couclu-• 
«ion regarding the rules embodied in stanzas t—7. If they do not belong to 
the Vasislitha Siddhanta, it would follow that the Pafichasiddh&ntik&, which 
after all promises to render us acquainted with the doctrines of all the five 
Siddhantas, however imperfect some of them may be, does not even inform us 
how the place of the moon is calculated according to the Vasislitha SiddMnta, 
while it yet gives the corresponding rules from the, certainly not more ad¬ 
vanced, Paitamaha SiddMnta, very concisely indeed but yet with sufficient 
fulness. On the other hand there appears to be some reason for tracing the 
rules to the PauliSa SiddMnta. The third chapter, which, as we have seen 
above, we may connect with the Paulisa Siddh&nta with a very high degree 
of probability, gives in stanzas 1—3 the required rules for finding the mean 
and true places of the sun, and then continues, in stanzas 4—9, to give cer¬ 
tain rules about the moon. Now these rules have unfortunately remained 
obscure to us; but yet so much appears certain that they are somehow 
connected with the rules concerning the moon given in the former half of 
chapter II, constituting, as it seems, a kind of continuation, or more accurate 
version of the latter. But again, on this latter hypothesis no reason is 
apparent why the two sets of rules should be separated from each other by 
the altogether heterogeneous matter treated of in the latter half of chapter II. 

I therefore see myself obliged to leave this point undecided, and only wish to 
suggest, as a third not impossible alternative, that the method for calculating 
the places of the moon which is set forth in chapter II belonged, in its essen¬ 
tial features at least, to the Paulina as well as to the Vasishtha Siddhanta^ 
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and that stanzas 8-13 of the third chapter add certain details which were 
peculiar to the former of the two Siddh&ntas. It is greatly to he regretted 
that the introductory stanza of chapter II, which possibly would throw some 
light on the position of the chapter, has remained altogether obscure to*us. 

There now remain for adjudgment only the first and the last chapters 
of the Panchasiddhantika. The latter I shall discuss further on. The position 
of the former is altogether clear; it contains, subsequently to some intro¬ 
ductory stanzas, a rule for calculating the ahargana according to the Romaka 
Siddh&nta, an exposition of the principles according to which the intercalation 
of lunar months and the omission of lunar days are managed in the Paulina, 
Romaka and Shrya Siddhantas, and finally a set of rules for calculating the 
So-called Lords of the year, month etc., which rules were most likely given 
in each of the three Siddhantas last mentioned. 

The second question, which must be touched upon before we can review 
the teaching of the individual SiddMntas, is whether the Panchasidd hantikd 
represents the teaching of the five astronomical works, on which it is pro¬ 
fessedly based, with absolute accuracy, or rather allows itself certain modi¬ 
fications of the doctrines summarized. This question is one of considerable 
importance; for before we have settled it one way or other, we are unable to 
judge of the historical position of the five SiddMntas, and to compare the 
account, given of them by Varaha Mihira, with what we know about them 
from other sources. We have, in this part of our investigation, to occupy 
ourselves almost exclusively with the Sfirya Siddh&nta, because that treatise 
is the only one of the five Siddhantas which has come down to our time, and 
thus allows of our comparing it with what Varaha Mihira tells us about the 
Sfirya Siddh&nta as known to him. Now a cursory survey of those chapters 
of the Panchasiddh&ntikA which treat of the Sfirya Siddh&nta shows at once 
that the treatise of that name known to Varaha Mihira agreed with the 
modern Sfirya SiddMnta in its fundamental features. The methods of the 
two treatises are essentially the same and, on the other hand, sufficiently 
different from those of the other Siddhantas summarized by Varaha Mihira, 
to ensure to the S&rya Siddh&nta in its two fold form a distinct position of 
its own. At the same time we cannot fail to notice that in certain points the 
teaching of the old Sfirya SiddMnta (by which name I shall, for shortness 
sake, designate the SCirya Siddh&nta known to Var&ha Mihira) must have 
differed from the correspondent doctrines of its modern representative. If 
we, for instance, observe that the old Sfirya Siddh&nta assigned to the mean' 
diameters of sun and moon the values 32' 5" and 30' 54" (P. S. IX. 15; 16), 
while 32' 3."6 and 32' are the corresponding values according to the modem 
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treatise ; or if we notice the values assigned in XVII 1. 2 to the epicycles of 
the apogee which altogether differ from those stated in the modern Sfirya 
Siddhanta; we are driven to the conclusion that in these and similar points 
the treatise used by Var&ha Mihira really differed from the modern one known 
to us. For we are altogether unable to imagine any reason why Yaraha 
Mihira should have changed, in the details referred to, the doctrines of the 
book which he aims at epitomizing. 

There is however a series of other cases in which the decision is not 
quite so simple. While, as remarked above, the mathematical processes 
prescribed in the old Surya Siddhanta agree on the whole with those of the 
modern treatise, it at once appears that Varaha Mihira whose intention'it 
is to write a karana considers himself entitled to represent the teaching of 
his original in a somewhat condensed form, facilitating the quick despatch 
of the required astronomical calculations. What he f. i. says, in the first 
chapter, about the yuga of the Sfirya Siddblnta, clearly is an abbreviated 
statement of the corresponding doctrines of the old Sfirya Siddhanta, and 
we therefore have no reason to doubt of the old SiddMnta, as well as the 
modern one, having taught that 4320000 years constitute a great age, and 
that one thousand such great ages go to a kalpa. The fact is that for all 
the merely theoretical part of a Siddhanta there is no room in the karana, 
and that hence the latter does all that is required if, instead of describing 
the great periods of the world, it states the smallest possible aggregate of 
years comprising an integral number of lunar months and natural days. So 
far we have no reason to hesitate in accepting Yar4ha Miliira’s statements as 
a faithful, though somewhat modified, rendering of the meaning of the old 
Sfirya Siddhdnta; the question however assumes a somewhat different aspect 
when we compare the number of natural days contained, on the one hand, 
within the maldyuga of the modern Surya Siddhanta, and, on the other hand, 
within the corresponding period according to Yaraha Mihira. The modern 
Sfirya Siddh&nta teaches that a mah&yuga of 4320000 years comprises 1593336 
intercalary months and 25082252 omitted lunar days, whence it follows that 
the number of savana days contained within the same period amounts to 
1577917828. Yar&ha Mihira on the other hand, following his Sfirya Siddhanta, 
states that a period of 180000 years comprises 66389 intercalary months and 
1045095 omitted lunar days, so that a mah&yuga ( = 24 x 180000 years) con¬ 
sists of 1577917800 s&vana days, i. e. 28 days less than according to the modern 
Sfirya Siddh&nta. Here it certainly appears possible that Var&ha Mihira 
should have slightly diminished the number of the s&vana days of the maha- 
yuga, and implicitly the length of the solar year, in order to be able to reduce 
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that number, as well as the number of the years of the yuga, by twenty-four 
and thus to arrive at figures more easy to manipulate ; all the more as the 
inaccuracy involved in that change would affect to an almost insensible degree 
only the comparatively short periods to which the rules of the karana grgmtha 
are meant to be applied. But in spite of this undeniable possibility I am in¬ 
clined to think that in the present case also Varaha Mihira proceeded with 
strict accuracy, and that his Surya Siddhauta actually assigned to the great 
yuga twenty-eight days less than the modern treatise does. Bor in addition 
to the general consideration that there are several other items in which the 
old and the new Siddhantas differed beyond any doubt, we have in the pre¬ 
sent case two special reasons viz. firstly that it would have sufficed to diminish 
1577917828 by four (instead of twenty-eight) in order to make it divisible by 
twenty-four ; and secondly that the estimation of the length of the solar year 
implied in the statement of the old Sftrya Siddhauta agrees exactly with that 
value of the length of the Solar year that results from the elements of that 
Paulina Siddhanta about which Bhattotpala’s commentary on the Brihat 
Sainhita and PrithMaka Svamin’s commentary on Brahmagupta’s sphuta 
Brahma Siddlninta, furnish some information. As we shall see at once, 
Var&ba Mihira’s Sftrya Siddhauta agreed with that Pauli&i Siddh&nta in 
several other points also, and it therefore is not improbable that the two 
Siddh&ntas were at one also concerning the length of the solar year. If this 
is so, the most important item by which hitherto the Surya Siddluinta was 
considered to be distinguished from the Paulisa Siddhauta (as reported by 
Bhattotpala etc.) would vanish; which clearly shows that an accurate inves¬ 
tigation of the degree of strictness with which Varaha Mihira reproduces the 
doctrines of his Siddh&ntas cannot be dispensed with. 

Similar to the case just discussed is that of the mean revolutions of 
tlie planets, as reported, according to the Surya Siddh&nta, in the Kith chapter 
of the PaficliasiddMntikiL As appears from the notes to the translation 
and the latter part of this Introduction, the periods assigned to the mean re¬ 
volution by the old Sftrya Siddhauta differed more or less from the correspond¬ 
ing values stated in the modern treatise. There, however, the hypothesis of 
Vanilla Mihira having for some reason or other modified the elements of tl>e 
work with which he had to deal seems altogether excluded. If he had chosen 
to state the length of the revolutions of the planets in the ordinary form i. e. by 
establishing periods within which the planets perform integral numbers of com¬ 
plete revolutions, he might possibly have had reason to manipulate the tradi¬ 
tional numbers to a certain extent, so as to reduce them to more manageable 
terms. But in the ease under discussion he follows another plan viz. of at 
first stating the time of one revolution in round numbers, and then directing 
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us to apply a certain correction, in order to make up for the inaccuracy in¬ 
volved in the employment of those round numbers. Now it is easy to see 
that, if Varaha Mihira’s Sftrya Siddhanta had exhibited the same figures as 
the modern Siddh&nta, the amount of the corrections would differ from that 
actually stated by him, and we therefore are entitled to conclude that regard¬ 
ing the revolutions of the planets also the old Surya Siddh&nta actually 
differed from the modern one ; a conclusion moreover made more acceptable 
by the circumstance that several of the values assigned to the mean revolu¬ 
tions by Var&ha Mihira’s Siddhanta agree with the teaching of the Paulina 
Siddhanta known to Bhattotpala, and with that of Aryabhata. 

That the difference, observed between the numbers of the natural days 
of the yuga as stated by the two Surya Siddhantas, is due to a real discrep¬ 
ancy of the two books, is further confirmed by the rule given in Chapter X 
2 and 4 for finding the mean place of the moon. This rule is based on the 
elements of the yuga as stated in chapter I, but for the sake of greater 
facility of calculation employs reduced numbers. Instead of multiplying the 
given ahargana by (the numerator of which fraction are the side¬ 

real revolutions of the moon during the period of 180000 years, and the 
denominator the savana days comprehended within the same time), it directs 
us to employ the expression aisSSSli* ari( l thereupon—in order to make up for 
the error involved in this substitution—to deduct from the mean place of the 
moon thus found for each revolution. In other words, Varaha Mihira is 
unwilling to allow to pass an error in the mean position which amounts to no 
more than one sixtieth of a second of space for each revolution. But if he, 
on the other hand, had purposely, for mere convenience of calculation, lessen¬ 
ed the length of the inah&yuga by twenty-eight days, he would thereby 
have reduced the length of each sidereal month by about four hundreths of 
a second of time, which in its turn would have implied an error in the moon’s 
mean place amounting to about one fiftieth of a second of space for each 
revolution. So that, while anxious to correct one small error, he would have 
allowed another greater one to pass; an assumption which we have absolutely 
no right or reason to make. 

The investigation of special cases thus certainly favours the conclusion 
that the changes which the old Stirya Siddhanta has undergone in Varaha 
Mihira’s representation are purely formal, and that convenience of calculation 
is held by him to be a consideration of altogether secondary importance. 

We therefore, and this is the most important conclusion to be drawn 
from the preceding enquiry, may hold ourselves entitled to look in the same 
light upon Var&ha Mihira’s rendering of the other Siddhantas which we can 
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check neither by means of the originals nor with the assistance of modern 
recasts. There also we must hold Varaha Mihira to have closely followed 
the elements and methods of the authors of the Siddhintas, and to have 
permitted himself only minor changes, such as facilitate calculation with¬ 
out affecting the fundamental character of the rules. General principles, 
enabling us to judge with certainty how far those changes may extend, can 
however not be laid down; we rather must judge each given case on its own 
merits. When we f i. find that the yuga of the Romaka Siddhanta com¬ 
prised, according to Var&ha Mihira, only 2850 years, we may raise the ques¬ 
tion whether this yuga is the true yuga of the Romaka, or only represents 
a subdivision of the true yuga, analogous to the 180000 years of the Sfirya 
Siddh&nta which, as we have seen above, must be considered as the smallest 
fraction of the mahayuga with which the calculation of the ahargana can be 
effected. But we shall without much hesitation decide in favour of the 
former alternative, in the first place because the yuga of the Romaka 
SiddhAnta is expressly called a yuga of the sun and moon, for the formation of 
which a comparatively small number of years was sufficient, and in the second 
place because Brahmagupta, in a passage to be quoted later on, testifies that 
the Romaka Siddhanta did not conform to the traditional views concerning 
the large periods of time. If, again, we find that according to the Paficha- 
siddh£ntik& the Paulina Siddhanta made no use of yugas of any kind to the 
end of calculating the ahargana and the mean positions of the planets, but 
employed for those purposes a peculiar system of its own, we certainly must 
conclude that system to have been actually taught in the original Paulina 
Siddh&nta, and not constructed, as indeed it might have been, by VarMia 
Mihira on the elements of the Paulina Siddh&nta. Ror why, we must ask 
ourselves, should he have transformed in that way the elements of the Paulina 
Siddhanta rather than those of the other Siddhantas which without any 
difficulty might have been thrown into the same form ? And, to single out 
one further point, if we find that the Pahchasiddhantikft gives a rule how to 
calculate, according to the Sfirya Siddhdnta, the equation of the centre of sun 
and moon for any given anomaly, while it represents the Paulina and Romaka 
Siddhantas as merely stating the amount of those equations for a certain 
series of anomalies, without teaching us how to calculate the equations for the 
intervening anomalies; we must again suppose that "Var&ha Mihira faithfully 
renders characteristic features of the original Siddh&ntas as he found them ; 
for if he had held the opinion (which as the writer of a karana he indeed 
might have held) that the practical astronomer knows enough, if be can 
assign the equations of the centre for, let us say, each fifteen degrees of 
anomaly, he would no doubt not have given the general rule from the Surya 
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Siddhanta, lout calculated from it the amounts whose knowledge he considered 
indispensable, and inserted them ready calculated in his text. 

We therefore arrive at the conclusion that VarUha Mihira has in no 
case obliterated the characteristic features of the 'Siddhantas he had to deal 
with, and that whatever distinguishes those works from one another in the 
text of the Pafichasiddhantika really distinguished them in their original form. 
We may note in conclusion that there is one interesting circumstance which 
furnishes a kind of counterproof to this conclusion. According to VII. 1. 
and VIII. 9 the Paulisa and Rornaka Siddhantas calculated the parallax in 
longitude at a solar eclipse in exactly the same manner. Now Varaha Mihira 
accentuates this agreement of the two works by stating the rule each time in 
•exactly the same words. But an author, who is so evidently desirous to mark 
the points in which the different authorities on which he draws are at one, 
may certainly he supposed to be no less scrupulous in stating the details in 
which they diverge. 

After having thus cleared the way, I proceed to give short summa¬ 
ries of the doctrines of the five Siddhantas, beginning with that one which, 
owing to the existence of a modern recension, is best known, viz. the Stirya 
■SiddMnta, 

According to I. 14 the SEtrya Siddh&nta of Var&ha Mihira taught that 
180000 years contain 66389 intercalary months, and 1045095 omitted lunar 
days. The number 180000 is the twenty-fourth part of the years of a mah&- 
yuga; if we therefore, for comparison’s sake, multiply the figures given above 
by twenty-four, and deduce from them the number of the savana days of a 
yuga, we obtain 1577917800 ,; while the corresponding figure for the modern 
Siddhanta is 1577917828. The length of the sidereal year resulting from 
these figures is 365 d 6 h 12' 36"'56 in the case of the modern, and 365 d 6 h 12' 
36" in the case of the old Shrya SiddMnta. The latter value exactly agrees 
with that which, according to Bhattotpala and others, was assigned to the 
solar year in the Paulina Siddh&nta, 

What the old Sfirya Siddh4nta taught about the mean motions of the 
sun and moon, is immediately apparent-from the above statement concerning 
the nature of the yuga. The number of the moon’s sidereal resolutions dur¬ 
ing the yuga is the same as in the modern Siddhanta; whence it follows that 
each revolution is a little shorter (the yuga of the old Siddh&nta counting 
twenty-eight days less than that of the modern one). Rules how to calculate 
the mean positions of the sun and moon are given in chapter IX ; they how¬ 
ever call for no special remarks, as they follow immediately from the constitu¬ 
tion of the yuga,—The duration of the revolution of the moon’s apogee may 
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be derived without difficulty from stanzas 3 and 4 of the same chapter. From 
stanza 3 it follows that one resolution is performed in 3231 d 23 h 42' 16" - 76; 
while the duration resulting from the elements of the modern Siddhanta 
amounts to 3232 a 2 h 14' 53"-4. And if, accommodating ourselves t<5 the 
general Siddhanta practice, we determine the number of revolutions performed 
within one mah&yuga, we obtain 488219 for Varaha Mihira’s Surya Siddhanta; 
while the modern Siddhanta gives 488203 only. We note that according to 
Aryabhata also the apogee performs 488219 revolutions within one inah&yuga. 

From stanza 5 of the same chapter we learn that the old Surya Sid¬ 
dhanta agreed likewise with Aryabhata in reckoning 232226 revolutions of the 
moon’s node to one mainlyuga ; while the modern Siddhanta counts 232228.— 
In estimating the greatest latitude of the moon at 270 minutes (stanza 6) the 
old Surya Siddhanta agreed with the modern one. 

According to stanza 7 the old Shrya Siddhanta assigned to the sun’s 
apogee the longitude of eighty degrees. Aryabhata gives 78° only, and a 
calculation of the place of the apogee for the epoch of the PanchasiddhantikA, 
based on the elements of the modern Sftrya Siddhanta, gives about 77°. The 
Pahchasiddhflntika, says nothing about the revolutions of the apogees of the 
sun and planets, and it hence is possible that the old Surya Siddhanta was not 
yet acquainted with the theory held, on entirely insufficient grounds, by the 
modern treatise, and modern Hiiidfi astronomers in general, that the apogees 
of the sun and the planets perform a certain number of revolutions within a 
mahayuga or kalpa. Oil the other hand it might be supposed that Var&ha 
Mihira, although acquainted with that doctrine, yet confined himself to stating 
the places which the apogees occupied at his time, since so much is sufficient 
for the purposes of a karaija-writer.—The rules for finding the true places of 
the sun and moon, which are given in stanzas 7 and 8, are analogous to those 
of the modern Sfirya Siddh&nta, with the one important difference that, while 
the latter assumes epicycles of different size for the even and odd quarters of 
the revolution of the two bodies, Varaha Mihira’s Surya Siddh&nta knows of 
one epicycle only for the sun as well as for the moon. The rules for finding 
the true motion, etc. given in stanzas 13 and 14 agree with those of the 
modern work. 

The rules for calculating solar and lunar eclipses agree with the modern 
rules as far as general methods are concerned, but at the same time show 
many deviation in details; so f i. in the calculation of the parallax in solar 
eclipses. Some of these rules we have, moreover, not been able to elucidate 
to our full satisfaction. 
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The mean motions of the planets (apart from sun and moon) are given 
in chapter XVI. The following statement shows the numbers of complete 
revolutions during one mah&yuga according to the old and modern Surya 
SiddMntas. 



Old Sfi. Si. 

Modern Sfi. Si. 

Mercury 

17937000 

17937060 

Venus 

7022388 

7022376 

Mars 

2296824 

2296832 

Jupiter 

364220 

364220 

Saturn 

146564 

146568 


The two SiddMntas thus agree concerning Jupiter only, and disagree 
therein from Aryabhata, according to whom Jupiter’s revolutions amount to 
364224 in one malniyuga. The old Sfirya Siddhanta agrees with Aryabhata 
and the Paulisa Siddhanta (according to Bhattotpala), as far as Venus, Mars, 
and Saturn are concerned, while it agrees with the Paulina Siddh&nta only 
concerning Mercury and Jupiter, 

The positions of the apogees and the dimensions of the epicycles of the 
apsis and the conjunction are given in XVII, 1—3. If will be observed that, 
as regards the numbers indicating the size of the epicycles of the apsis of 
Venus and Saturn, the translation diverges from the corrected text given by 
us. The manifestly corrupt text was at first emendated on the basis of the 
dimensions stated in the modern Sfirya Siddhduta, the hypothesis of the 
agreement of the two SiddMntas in this detail being resorted to in the absence 
of evidence decidedly favouring any other assumption. But I afterwards 
discovered that such evidence exists. The statements which Brahmagupta in 
his Khan<jakMclyakakarana makes about the places of the apogees and the 
dimensions of the epicycles agree with those made in the sixteenth chapter of 
the Panchasiddh&ntikA, in all those details in which the text of the latter work 
needs no emendation, and it therefore may be presumed that the agreement 
extended also to the epicycles of Venus and Saturn. And examining the 
traditional text of the Panchasiddhdntikii from this point of view, we find that 
instead of the ‘ Sur&s ’ of stanza 1 we have to read not ‘ Mras ’ but ‘ svar&s’ 
and that the ‘ trim&th ’ is correct without any further addition. It is true 
that thus the Aryft remains defective ; but the word; or words, missing were 
most probably expletive rather than essential to the sense. Brahmagupta 
maintains his karana to be founded on Aryabhata, or at any rate to give re- 
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suits equal to those to be derived from Aryabhata it is then a somewhat 
curious circumstance—into the discussion of which I cannot enter in this place 
—that the dimensions of the epicycles and the positions of the apogees assumed 1 
in the Khandakh&dyaka (as well as in the sixteenth chapter of the Paiiclia- 
siddhantika) differ, all of them,, more or less from those- recorded in the Laghu- 
Aryabhatiya.t 

The method, taught in chapter XVII, of calculating- the equations of 
the apsis and of the conjunction agrees on the whole with that prescribed in 
the modern Shrya SiddMnta, although there are several divergences in details. 
Peculiar are the special rule given for Mercury in stanza 10, and the correction, 
to be applied to Venus’ place according to stanza 11. The statements, as to- 
the distance from the sun at which the planets become visible differ to some- 
extent from those made in the modern Siddhlnta;. so also the greatest latitudes, 
of the planets given in stanzas 13 and 14. 

An omission which might make us suppose that the chapter as given 
in our Manuscripts is not complete is that nothing -whatever- is- said about the 
places of the planets’ nodes. 

We next turn to the Paitamaha Siddh&nta which indeed has not come¬ 
down to our time, but whose teaching throughout agrees with that of a well 
known, section of Hindu astronomical literature. 

Of this SiddMnta there treats only one very short chapter-, of the 
Pahchasiddhantika viz. the twelfth one ; bu-t its five stanzas manifestly suffice to 
reproduce everything of importance contained in that very primitive treatise. 
The PaitiUnaha SiddMnta, known to Varaha Mihira, represents Hindft Astro¬ 
nomy as not yet affected by Greek influences,! an d thus belongs to the same 
category as the Jyotisha-Ved&nga, the Garga Samhita, the Su-ryaprajnapti and 
similar works. From what Varaha Mihira says about its contents, we might 
almost identify it with the Jyotisha Vedariga. The yuga on which the calcu¬ 
lations of the Paitamaha Sidclhuuta base- is the well known quinquennial one,. 


* Brahmagupta’s Khanda-kh&dyuka begins with the following stanza 

nfujofa wuTua i 

aoarfrt it 

t It is also worthy of notice that Amasarman, one of the- Commentators- of the Khanda- 
khadyakft, quotes some stanzas from, a Paulisa tantra which make the same statements about the 
dimensions of the epicycles as the KhancLakhfidyaka itself, and, moreover, seems generally to treat 
the doctrines of Aryabhata and the Paulisa as equivalent. 

1 As already pointed out by me in my paper on the Jyotisha-ved&nga, Journal of the 
Asiat. Soc. of Bengal 1878. 
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which consists of five solar years of 366 days each, and' contains sixty solar 
months, sixty-two synodical months, and sixty-seven so-called n&kshatramonths 
i. e. sidereal revolutions' of the- moon. The beginning of the yuga is marked 
by a Conjunction of the sun and moon at the. first point of the nakshatra 
Dhanishtha. The duration of the longest day of the year amounts to- eighteen 
muhurtas,. that of the shortest to twelve muhurtas ; in the intervening periods 
the days increase or decrease by the same daily quantity.—The Paitarnaha 
Siddhanta refers to-'two points only which appear not to be mentioned in the 
Jyotisha Ved&hga, as far as I have hitherto succeeded in making out the. 
meaning of that difficult treatise. It,, in the first place, gives a rule for calcu¬ 
lating the so called vyatipata yogas (s-t. 4); and in the second place,, fixes a 
period from which the quinquennial yugas are to-be counted. In st. 2 Varaha 
Mihira directs us to deduct two from the Silica date-, and to divide the remain¬ 
der by five; which implies that a new yuga is supposed to begin with the 
third year of the S'dka Era,, or two S&ka elapsed. 

Whether this direction is due to Varaha Mihira only, or was already 
contained in the Paitarnaha Siddhanta, may be considered doubtful; the latter 
alternative, however, appears to be more probable, as Varlha Mihira, If in any 
way adding to—or rendering more definite—the teaching of the Paitarnaha 
Siddhanta, would most likely have adapted it to the same initial date as the 
other Siddh&ntas, viz. 427 SSka. 

The Paitarnaha (Brahma) Siddhanta known to Varaha Mihira has thus 
to be distinguished from the Brahma Siddhanta oh which Brahmagupta’s 
Sphuta Siddhanta is based. That Br&hma or Paitarnaha Siddhdnta is- a short 
treatise in prose, forming part of the Vishnudharmottara-Purana, and belong¬ 
ing altogether to the modern phase of Hindfr Astronomy. The number of 
Brahma Siddh&ntas, known at present, thus amounts to four, viz. the Paitd- 
maha Siddhanta summarized in the Pahehasiddhantika, the Paitarnaha Sid- 
dhdnta forming part of the Vishnudharmottara, the Sphuta Brahmasiddhanta 
by Brahmagupta, and that Brahma Siddhanta whose more ordinary name is 
Shkalya Siddh&nta. 

There now remain the Romaka, Paulina and Vasishtha Siddh&ntas, for 
the teaching of none of which we have any other source of importance but 
the Pauchasiddhantika. I begin with the first mentioned of these three 
treatises. 

The fifteenth stanza of the first chapter shortly describes the nature of 
the yuga employed by the Romaka Siddh&nta. The yuga is called ‘ one of 
the sun and moon’ i. e. a lunisolar one, and said to comprise 2850 years, 


<r 
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which period is further stated to contain 1050 adhim&sas and 16547 pralaya3 
i. e. tithipralayas, omitted lunar days. The above numbers of years and 
intercalary lunar months allow of being reduced by 150, and we thus find that, 
in the opinion of the author-of the Romaka, 19 solar years exactly contain 
seven intercalary months, or—if we take the entire sum of months—that 19 
solar years comprise 235 synodical lunar months. The yuga of the Romaka 
is thus evidently based on the so-called Metonic period, named after the 
Athenian astronomer Meton who, about 430 B. C., showed the means of 
improving the Greek Calendar of his time by the assumption of 19 tropical 
years comprising 235 synodical months.—That the Romaka SiddMnta, instead 
of making use of the simple Metonic period, employs its one hundred and 
fiftieth multiple, has a reason not difficult to discern. The author of the 
Romaka, although manifestly borrowing his fundamental period from the west, 
at the same time wished to accomodate himself to the Indian fashion of cal¬ 
culating the sum of days which has elapsed from a given epoch (the so-called 
ahargana) by means of a cyclic period comprising integral numbers of solar 
years, lunar months and natural days. Now the simple Metonic period does 
not represent an aggregate of the nature required, neither if we—with Meton 
himself—-estimate the length of tire tropical year at 365 j| days, nor if we avail 
ourselves of the more accurate determinations by which later Greek astrono¬ 
mers improved on the work of Meton, and it therefore becomes requisite to 
employ a multiple. What the multiplying number is to be, of course depends 
on the value assigned to the length of the year, and wo therefore have to as¬ 
certain the opinion hold on this point by the author of the Romaka. The 
data supplied in stanza 15 enable us to do so without difficulty. For if we 
multiply the 2850 yoars of the Romaka yuga by 12 (in order to find the num¬ 
ber of corresponding solar months), add the 1050 adhimdsas (whereby wo 
obtain the number of synodical lunar months), multiply by 30 (so as to find 
the lunar days), and finally deduct the 16547 tithi prakyas, the final result 
amounts to 1040953 natural days ; which being divided by 2850 (the number 
of the years of the yuga), we obtain for the length of one year 365 (l 5 h 55' 12". 
But in order to form an aggregate of years which contains an integral number 
of days and at the same time is divisible by nineteen, 19x 50 =-2850 years 
have to be taken. 

Whence the above determination of the year’s length was adopted by 
the author of the Romaka, there cannot be any doubt. The year of the 
Romaka is, down to seconds, the tropical year of Hipparchus or, if we like, 
of Ptolemy who accepted the determination, considerably faultive as it was, 

made by his great predecessor. 

# 
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The rule for calculating the ahargana according to the Romaka 
(I. 8—10), and so likewise the rules for finding the mean places of the sun 
and the moon (VIII. 1 . 4) immediately follow from the constitution of the 
yuga, and have been elucidated in the notes to the translation. The length 
of the periodical month would, according to the Romaka, amount to 27 d 7 h 
43' 6.3". 

To the apogee of the sun the longitude of 75° is ascribed in VIII. 2. 
—The apogee of the moon and its periods of revolutions are not, in the usual 
Indian style, treated apart from the moon’s motion; the 8th chapter (stanza 5) 
rather contains a rule for calculating the moon’s position with regard to her 
apogee directly i. e. without any preliminary separate calculation of the apo¬ 
gee’s place. The kendra mentioned there is the moon’s anomaly, and the rule 
implies that the anomaly revolves 110 times within 3031 days, in other words 
that the moon returns to her apogee, or performs one anomalistic revolution, 
in 27 d 13 h 18' 32". 7. 

By deducting the longitude of the sun’s apogee from the mean longi¬ 
tude of the sun we find the sun’s anomaly, and may then proceed to calculate 
his true longitude. For the latter process the Romaka SiddMnta however 
does not supply any general rule, enabling us to deduce the required equation 
of the centre for any given anomaly; but contents itself with stating the 
amounts of the equation from 15 to 15 degrees of anomaly. These amounts 
are stated in VIII. 3, and it is of interest to note that they agree very closely 
with the corresponding amounts given by Ptolemy. The greatest equation 
of the centre, which according to the modern Surya Siddhanta amounts to 
2° 10' 13", and which in no other Hindi! text book known to me greatly differs 
from this latter value, according to the Romaka amounts to 2° 23' 23", while 
Ptolemy assigns to it the value of 2° 23'; and also the equations for the 
smaller anomalies show a pretty close agreement, as appears from the follow¬ 
ing tabular statement 


Degrees of Anomaly. 

mm 

30 

45 

GO 

75 

90 

Equation of centre according 
to the Romaka. 

34' 42" 

1° 8'37" 

1° 38' 39" 

2° 2' 49" 

2° 17'5" 

2° 23’ 23" 

According to Ptolemy. 


1° 9' 

i 

1 

2° r 


2° 23' 


The values quoted from Ptolemy are those given by him for the quadrants of 
the apogee. The Romaka SiddMnta apparently makes no distinction of 
quadrants, but employs the same equations indiscriminately for all. 
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In an analogous manner stanza 6 states the moon’s equations of the 
centre from 15 to 15 degrees of anomaly. These equations do not agree very 
closely with the corresponding ones of Ptolemy, according to whom the great¬ 
est equation amounts to 5° l '.—The length of the revolution of the moon’s 
node amounts, according to VIII. 8, to 67S6 d 7 h , in pretty close agreement 
with Ptolemy’s determination of the same quantity, viz. 679 6 d 14 h etc.—Con¬ 
cerning the greatest latitude of the moon we have two conflicting statements 
implied in VIII. 11 and VIII. 14, provided the interpretation of those 
stanzas given in the translation be right. According to the former it would 
amount to 240'; according to the latter to 270', which is the value ordinarily 
met with in Hindi! astronomical works. Regarding the explanation given in 
the translation of stanza 14 I have to remark that it is an attempt on the part 
of my colloborator to connect the rule with the usual estimation of the moon’s 
greatest latitude, while the fraction f, if its denominator be taken as the 
reduced Radius, would strictly lead back to a greatest latitude of 28(7. That 
different values should be ascribed to the same quantity in one and the same 
book, might primA faeie appear inadmissible; but it is by no means impossible 
that in some of the older Siddhantas there were incorporated empirical rules, 
borrowed from various sources, the rationale of which was not understood. 

Stanza 13 gives 30' and 34' for the mean measure of the diameters of 
sun and moon respectively, and st. 15 gives the ordinary Indian rule for find¬ 
ing the true diameters from the mean diameters and the true and mean 
motions. 

The greatest parallax is, as in Indian astronomy generally, supposed 
to bo equal to the mean motion during four nadikas; hence the rule given in 
st. 9 for calculating the parallax in longitude, the result being the difference 
of the parallaxes of the sun and the moon. 

The parallax in latitude is calculated on the same principle (stanzas 10 
—14), the result however not giving the difference of the solar and the lunar 
parallaxes, but merely the latter one, the solar parallax being neglected. An 
inaccuraey in the preliminary determination of the zenith distance of the 
nonagesimal is noted in the translation.—The rule for calculating the duration 
of the eclipse, after the true latitude has been ascertained (st. 16), is the 
usual one. 

What remains unexplained of the Romaka SiddhAnta are, principally, 
the different kshepa-quantities met with in the rules for finding the ahargana 
(Chapter I), and the mean places of sun, moon. etc. (Chapter VIII). They, 
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of course, are intended to enable us to start in our calculation from tbe epoch, 
of the Panchasiddhantika (or of the, or some, Romaka-Siddhanta, about which 
see below), and their elucidation would probably lead to some interesting 
results. It will be observed that the rule for calculating the ahargana 
professes to be adapted to the meridian of Yavanapura, while the rules for 
finding the places of the sun, moon etc. refer to the meridian of TJjjayini.* 
The difference in longitude of those two places is stated by Vardhamihira— 
following the Paulina Siddhdnta as it appears—in III. 13.—A further 
reference to the Romaka which has remained obscure to us seems to be made 
in III. 73 .—Whether any of the rules concerning the planets which are 
given in the last chapter base on the Romaka Siddhdnta, is doubtful. 

Prom this short summary of the contents of the Romaka Siddhdnta 
I pass on to the consideration of its authorship and time of composition, 
coupling therewith—for reasons which will appear later on—an enquiry as to 
the date of the Pafiehasiddlidntikd itself. 

Hitherto it has been generally held, on the authority of Colebrooke 
and Bhdu Dfiji, that the original Romaka Siddhdnta was composed by S'rishena; 
an opinion which I myself, when writing my paper on the Panchasiddhantikd 
(Journ. Asiat. Soc. of Bengal) was not prepared to abandon entirely, although 
then already certain considerations led me to suggest that S'rishena’s work 
might after all have been a mere recast of an older treatise of the same name. 
This latter view I now feel inclined to set forth as the only true one. 

The authorities for Colebrooke’s and Bhdu Ddji’s opinion were 
Brahmagupta and his commentator Prithfidaka Svdmin. Brahmagupta, in 
a considerable number of passages of his Sphuta Siddhdnta, refers to S'rishena 
by name, and in connexion with those passages his commentator repeatedly 
remarks that S'rishena was the author of the Romaka Siddhdnta. And in 
one passage at least Brahmagupta himself mentions S'rishena in connexion 
with the Romaka Siddhdnta. That passage which is found in the Tantra- 
parikshddhydya (the I ltli chapter of the Sphuta Siddhdnta) was discussed by 
uie in the paper referred to above (pp. 290 ff.), but owing to the very corrupt 
form in which the Manuscripts of the Sphuta Siddhdnta exhibit its text I 
did not at that time fully understand it, so that the meaning of just its most 

* The truth of this remark of course depends, iu the first place, on the correctness of 
;he emendation in VIII. 5 owing to which we have substituted s UwUra (read so in the 

;ext, instead of senmas^aTw) for the °*rUrma33T of the Manuscript; and in the second place, ou 
die assumption that the clause “at sunset, at Avanti ” has to be connected generally with the 
rules given in stanzas 1—5. But both this assumption and the emendation appear to me 
veil founded. 
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important clause escaped me, as it seems to have escaped Colebrooke and 
BMu D&jl. The text of the passage, as appearing in Colebrooke’s manuscript 
(now in the India Office Library), runs as follows:— 

O r ' >o 

truaTfafauareu? afrtfsau resugroin i ^ 
vrstawemum vr^su gTronfa Sisaif* t a 

aenfu i a 

snraisga'sraiii g i i 

guaiHaSHJHBisgTfeisii?Ej3iq5ifa®fivi3TJj i ® 
jisig qfifymaT^astsKiJQinanaHST^ i c 
sftiroR uOrcn *§Tfn?raafiSi??mw: i € 

UrtWcl IJUtfUT aiTUCST I 10 

The other Manuscripts of the Sphuta Siddhanta known to me (one 
belonging to the .Bombay Government; one, a modern copy, in the library of 
the Benares College; and one in the Royal Library of Berlin) have some 
important different readings. They all read in line 1 hts° instead of *rra° and 
in line 5 srrcnp 0 instead of amiuwa °. In line 7 the Ben. MS. reads mFwitga 0 ; 
the Berlin MS. has au'&eraaqffissritrrsT^; and the Bom. MS. afusaTjkrgrma 
(smTSTfj? In line 8 the Born, and Ben. MSS. read qftfam a g re st ^TO i aw i 0 . Line 
9 runs in the Berlin MS. sfu^njstrai vsh: The Ben. MS. 

reads aiulrm renform^a: arau, and the Bom. MS. listen srai^TOnwr?| ®a: 

In line 10, instead of mratst the Ben. MS. has fsrfsnsT, the Bom. MS. fafsmfa 
(not to mention loss important differences). 

The general purport of this passage is clear. It is meant as a criticism 
of the performance of SVlshcna, who in composing his astronomical text book 
borrowed rules and processes from various sources, and combined them into 
an incongruous whole. Leaving aside for the present the second half of 
line 7, and line 10, we may—emendating the text as given above with the 
help of the varictas leetionis—render the passage as follows. 

A 

‘Brora the fact that S'rishena, Vishnuehandra, Pradyumna, Aryabhata, 
Lata, and Simha contradict one another regarding eclipses and similar topics, 
their ignorance is proved daily. The criticisms which I (in the preceding part 
of the chapter) have passed on Aryabhata are, with the requisite modifications, 
to he applied to the doctrines of each of those teachers as well. I will however 
make some further critical remarks on S'rishena and others. 

S'rishena took from Lata the rules concerning the mean motions of the 
su n and moon, the moon’s apogee and her node, and the mean motions of 
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Mars, Mercury’s S'ighra, Jupiter, Venus’ S'ighra and Saturn ; from-the 

elapsed years and revolutions of the yuga; from Aryabhata the rules 
concerning the apogees, epicycles and nodes, and those referring to the 
true ihotions of the planets ; and thus-’ 

Here we are confronted by the latter half of line 9, which seems to 
state that thus the Romaka (Siddhanta) was composed (kritah) by SHshepa. 
But this would leave unexplained the last word of the line which three 
Manuscripts give in the form ‘kantM.’ Keeping therefore this latter reading, 
and substituting (with the Berlin and Bom. MSS.), ‘ ratnochchayo ’ for the 
four aksharas preceding £ Romakah,’ I translate c and thus the Romaka 
(Siddhanta) which was (or ‘ is ’) a heap of jewels (as it were) has, by 
Srishena, been made into a patched rag (as it were).’ 

In other words : S'rishena incorporated into the old genuine Romaka 
Siddhanta elements borrowed from various heterogeneous sources, and thereby 
spoilt it, making it look like a piece of cloth, or dress, made up of various 
patches. 

The Romaka Siddhanta going under S'nshepa’s name was thus not the 
original one, but merely a recast of it, into which new matter borrowed from 
different astronomical writers had been introduced. This is neither improb¬ 
able in itself, nor altogether destitute of collateral proof. Bor if we compare 
the information concerning SMsheria’s Romaka Siddhanta, given by Brahma¬ 
gupta, with wliat we now know about the Romaka Siddhanta epitomized by 
VarAha Mibira, certain differences between the doctrines of the two works 
present themselves at once. I here confine myself to two points, the 
consideration of which does not necessitate a reference to any other passage 
from the Sphuta Brahma Siddhanta but the one quoted above. The first 
point of disagreement is that Srishena, according to Brahmagupta, borrowed 
his rules for the spasbtikarana i. e, for the calculation of the true places of 
the planets, from Aryabhata. Now Aryabhata’s rules are known to us from 
the Laghv-Aryabhatiya, and we observe that they agree in all essential points 
with the corresponding rules of the Surya SiddliAnta, specifying, as the latter 
work does, the dimensions of the paridbi—epicycle of each planet, and 
teaching how the equation of the centre is to be calculated trigonometrically 
for any given anomaly. VarAha Mihira’s Romaka SiddbAnta on the other 
hand, as we have seen above, makes no mention of epicycles, does not in fact 
give any generally applicable rule for calculating the equation of the centre, 
but merely states in a tabular form the equations, howsoever calculated, for 
each fifteenth degree of the anomalies of sun and moon. That Romaka Sid- 
dhAnta therefore manifestly had not borrowed its rules from Aryabhata, and 
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hence cannot be identified with S'rlshena’s work. On the other hand it is 
quite intelligible that S'rishena, who appears to have followed the old Romaka 
Siddlianta as far as the mean motions of the planets are concerned, should 
have borrowed the rules for calculating the true places—which his principal 
authority was unable to supply—from the work of Aryabhata. A second 
argument may be drawn from what, in line 7 of the extract quoted above 
from Brahmagupta, is said about S'rishena having borrowed from some other 
work (apparently some Vasishtha Siddlianta) his theory as to the elapsed 
years and revolutions of the yuga. Judging from the expressions made use 
of in that place and from the context in which it stands, Srishena’s views 
about the yuga must have been akin to those generally held in the Siddh&ntas 
on that point, the yuga being a vast period of time comprising integral 
numbers of complete revolutions of all the planets. But as we have seen 
above, the yuga employed in the old Romaka Siddaanta was an altogether 
different one, of a strictly lunisolar character and hence consisting of a com¬ 
paratively moderate number of years. When, therefore, Brahmagupta, in 
the first chapter of the Sphuta Siddlianta, animadverts on the non-traditional 
character of the Romaka Siddlianta,* he manifestly does not refer to the 
recast by S’rishena in whose hands the Romaka Siddlianta had assumed a 
more orthodox form, but to the genuine Siddlianta, which at Brahmagupta’s 
time was no doubt still in existence and duly distinguished from Srishena’s 
treatise. 


Wo next have to consider the bearings of a date which, in the first 
chapter of the Panehasiddhantikii, is mentioned in connexion with the Romaka- 
Siddhauta. Stanzas 8—10 which give a rule for calculating the ahargana 
(i. e. the sum of civil days which have elapsed from an initial epoch up to a 
given date) direct us first to deduct 427 from the number of the current Saka 
year, which means that the initial epoch of the calculation is 427 Saka. It 
then proceeds to explain the details of the calculation of the ahargana, and 
closes with the words ‘ this is the ahargana in (or, according to) the Romaka 
Siddhikita.’ 

That this date—427 Saka—is mentioned in the Panchasiddhantikfi, 
has been known to scholars since a considerable time. The astronomers of 
Ujjay ini who furnished to Dr. William Hunter the list of astronomers with 
their dates, published by Colebrooke (Algebra p. XXXIII), gave 427 Saka as 
the time of (their second) Varaha Mihira. Albe. 4ni refers to it as the date 
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of the Panehasiddh&ntik4. BhAu Bajt quotes the stanza from the Paiicha- 
siddh4ntik4 as furnishing the epoch of the Romaka Siddhanta, adopted hy 
Var4ha Mihira also. (Journ. Royal Asiat. Soc. ISTew Series Vol. 1). Idr. 
Kern i® inclined to look upon 427 S'aka as marking the year of tire birth *d 
Varaha Mihira who, as appears from a passage quoted by Blulu Duji, died in 
Saka 509. 

All these views clearly have no further foundation than the passage of 
the Paiichasiddhantik4 about the calculation of the ahargana. The view that 
427 S'aka is the year of Var4ha Mihira’s birth we may set aside without hesita¬ 
tion. Dr. Kern was led to that hypothesis partly by the consideration that the 
Panchasiddh4ntika, which in one place refers to Aryabhata’s views, could 
hardly have been composed in 505 A. D. when Aryabhata—born in 47(5 
A. D.—was only 29 years old. We now know—from Dr. Kern’s edition of 
the Aryabhatiya—that Aryabhata composed his work in 499 A. I), already, 
so that he might very well have been quoted in a book writtten in 505 A. I >. 
The other argument brought forward by Dr. Kern, viz. that Vara ha Mihira 
died in 587, certainly goes some way to prove that the Paneha.sid« lb a u t i ka 
was not written in 505, but not that Var4ha Mihira was born in the latter 
year. The text of the Pauchasiddh&atik4 enables us at present to judge of 
the position of Var4ha Mihira with regard to the date 427 b'aka. Prom the 
chapters on the Shrya SiddbAuta it appears that Varaha Mihira considers 
that year to he the epoch of his karanagrantha from which all astronomical 
calculations have to start; for all the kshepa quantities involved in the 
different rules, given in those chapters for finding the mean places of' sun, 
moon, and planets, can be accounted for satisfactorily on that buds. 1 
have no doubt that also the kshepa quantities stated in the Romaka and 
Paulina Chapters admit of being explained on the same .supposition, but 
unfortunately we have so far not succeeded in finding the clue to their right 
understanding. Now it would certainly be most satisfactory, if we could 
assume that the Paiichasiddli4ntik4 was composed in the very year which it 
selects for its astronomical epoch, or at any rate within a few years of that 
year; for as nearness of the epoch tends to facilitate all astronomical calcula¬ 
tions and, at the same time, to minimize the inaccuracies resulting from the 
fact that kararia rules arc often only approximative^ correct, it is the interest 
and the practice of kararia writers to choose for their epoch a year, as little 
remote as may he from the time of the composition of their treatises, Thu 
positive statement, however, made by Amar4ja (as quoted by Jibuti Dap) 
about the date of Var&ha Mihira’s death does not favour such an assumption ; 
and we moreover find that the deduction of 427 forms part of a rule which 
in the end is said to be ‘ in ’ or ‘ according to ’ the Romaka Siddhanta. This 
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last circumstance indeed, taken by itself, would not suffice fully to convince 
me, that the date 427 S'aka is not one of Varaha Mithras own choosing'; 
for the phrase ‘according to the Romaka Siddlifuita’ might only mean that 
the general principles on which the ahargana is calculated (viz. the equations 
between solar years and lunar months, and again between civil days and lunar 
days) arc taken from the Romaka Sidd&nta, while at the same time the fixa¬ 
tion of the initial epoch—a point comparatively unessential and moreover 
specially requiring to be settled anew in the case of each new Karana—might 
Ire due to Varaha Mihira. But as, after all, 427 Saka cannot, for the reason 
stated above, be the date of the composition of the PanchasiddMntiH, we 
may admit that the whole rule about the ahargana, inclusive of the kshepa 
quantity 427, was borrowed by Varaha Mihira from the Romaka Siddhanta, 
as was assumed by Blntu Bajl already. It is true that we are unable to 
assign a sufficient reason for Varaha Mihira’s choosing to take over the epoch 
of one of his Siddhantas rather than to lix his own, which would have been 
a comparatively easy matter. There may have been special circumstances 
rendering the year 427 S'aka a more convenient starting point than a later 
year; but I am not for the present able to point out any such. 

For the time of the composition of the Paiichasiddhitntikfi, itself there 
would thus remain the period between 505 and 587 A. D., so that we shall 
probably be not far wrong in fixing it about the middle of the sixth century, 

A further question, however, arises in connexion with the date 427 
S'aka. Admitting that it was taken over by Varttha Mihira from the (or a) 
Romaka Siddhanta, have we to understand thereby the original Romaka,* 
and consequently to fix the date of that work as late as 505 A. D ? This 
question is one of interest in itself, and moreover has a bearing on the moro 
general question as to the period to which we have to assign the beginnings 
of the modern, scientific, phase of Hindu astronomy. 

For reasons, which I shall set forth after having finished the survey 
of the contents of the five Siddhantas, I consider it altogether improbable 
that any of those treatises should have originated so late as 505 A. D., i. c,, 
not earlier than, let us say, forty or fifty years before the composition of the 
Panchasiddhantik;t. Meanwhile I wish to direct attention to a special cir¬ 
cumstance which seems to favour the conclusion, that the original Romaka 
Siddhanta at any rate was composed earlier than the date mentioned. 

From the third stanza of the first chapter it appears that already 
before the composition of the Pahchasiddhantika the Romaka Siddh&nta had 


* The qualification ‘ original ’ ia of course meant to exclude iSrishena’s performance. 
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been commented upon (vyfikhyata) in some way or other by L&tadeva. Now 
it is- not of course impossible that Latadeva’s vyakhyAna was merely 
an ordinary explanatory commentary, composed at some time or other in the 
period intervening between A. D 505 (supposing this to have been the date 
of the original Rornaka) and the year (let us say about 550) in which the 
Panchasiddh&ntikA was written. Another alternative, however, appears to 
me the more probable one, for the following reason. I do not consider it 
likely that Varaha Mihira should have mentioned Ldtadeva at all in connexion 
with the Rornaka, had he been nothing more than an ordinary commentator 
of that work. The fact that he does so mention him seems rather to indicate 
that Latadeva occupied a somewhat more independent position with regard 
to the Rornaka, possibly that of a writer who recasts an earlier work, or 
adapts it to a later epoch. That Latadeva was more than a mere scholiast, 
appears, moreover, from the fact that Brahmagupta refers to him as an 
astronomical writer, and, what is particularly important, that Var&ha 
Mihira himself, in XV. 18, thinks it worth while to quote the opinion of 
Lata (of whose identity with the L&tadeva of the first chapter I see no 
reason to doubt) concerning the time ’of the day from which the ahargapa 
has to bo calculated. And the details given in this last quotation lead us a 
step further. It is there said that according to Latn’s view the beginning of 
the astronomical day has to be reckoned from the moment when the sun has 
half set at Yavanapura. Now this very same view, which here is mentioned 
as peculiar to Lata and as such contrasted with the diverging views of other 
astronomical writers on the same subject, is found incorporated in the rule 
(I. 8) which professes to teach how the ahargana has to be calculated accord¬ 
ing to the Rornaka Siddhanta. That rule we therefore are entitled to look 
upon not as directly borrowed by Varaha Mihira from the old original 
Rornaka Siddhanta, but rather as constructed by Lata on the elements of 
that work in such a form as to answer the requirements of his time, and 
transferred, by Varaha Mihira, from Lata’s work to the PaiiehasiddMntika. 
Hence the date 427 S'aka also has to ho taken, not as the date of the original 
Rornaka SiddMnta, but rather as the date of Lata or, more definitely, as the 
date which Lata, in his comment on—or adaptation of—the Rornaka chose 
for his epoch. How much older the original Rornaka SiddMnta may have 
been, is a point which we will touch on below. 

Concerning the special character of Lata’s work we may conjecture 
that it stood to the Rornaka Siddhanta in somewhat the same relation as 
Karanas generally stand to Siddhantas. In conclusion I point out that some 
connexion between Lata and the Rornaka Siddhanta seems to follow also 
from the statement made by Brahmagupta in the passage quoted above 
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at length viz. that S'rishena took the elements of the mean motions of the 
planets from Lata. For unless Lftta himself had taken these elements from 
the Romaka, there would appear no reason whatever why the work of 
S'i ishcna, who according to Brahmagupta had borrowed all other elements 
from other sources, should have been called a ‘Romaka’ Siddhanta. We can, 
on the other hand, understand that a Hindi! astronomical work should adopt 
the name of that Siddhanta with which it agreed in the rules for calculating the 
mean motions of the planets ; for the latter constitute the most characteristic 
item by which a Siddhanta distinguishes itself from other works of the same 
class. 

The Paulisa Siddhjtnta next calls for a short review. 

The fundamental information about this SiddMnta viz. that concerning 
the formation of the aliargarta is contained in stanzas 11-13 of the first 
chapter which unfortunately appear in the Manuscripts in so corrupt 
a form that we are unable satisfactorily to explain the details. The leading 
principles of the calculation may however be discerned, all the more readily 
as they seem not to present any altogether new feature. The number 976 
(ritu—'.sapta—nava—bhaktah) which in stanza 11 is exhibited as a divisor, 
no doubt indicates the number of solar days after the lapse of which a lunar 
month has to be intercalated, and tire 63 of the same stanza (tri—ritu) seems 
to refer to the number of lunar days going to one avama or omitted lunar 
day. The two next stanzas then most probably state the corrections which 
the employment of the stated round numbers renders it necessary subse¬ 
quently to apply ; the amount and mode of those corrections we are however 
unable to extract from the incorrect text.—The Paulina Siddh&nta, thus, in 
order to find the total of civil days, which have elapsed from a certain epoch 
up to a given date, takes the usual steps through adhimiisas and avamar&tras 
(tithipralayas), does not, however, base its calculation on any cyclic period 
comprehending integral numbers of years, lunar months and omitted lunar 
days ; but reaches its aim in a more direct manner by establishing small aggre¬ 
gates of days which approximately contain one intercalary month or one 
omitted lunar day, and subsequently applying an appropriate correction. 

Our imperfect understanding of the details of tho text prevents us 
from deriving from the two stanzas discussed the exact length of the year 
and the month according to the Paulisa Siddhdnta. The length of the year, 
however, follows from another passage viz. III. X, which teaches how to find 
the sun’s mean place, and bases on the assumption of a year of 365 d 6 h 12 m . 

The rule for finding the place of the moon, given in the former part 
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of the second chapter, * is of a nature widely differing from the corresponding 
rules exhibited by the best known Siddhintas. It therefore puzzled us for 
a very long time—all the more as the text the two Manuscripts exhibit is 
just in "that place far from correct—, until light fell on it from a somewhat 
unexpected quarter. If we indeed had noticed from the outset that the 
divisor 3031 mentioned in stanza 2 is the same as the one which the Romaka 
Siddhanta (viii. 5.) employs for finding the place of the moon’s kendra, we 
might have penetrated more quickly to the sense of the rule given in the 
Paulina Siddhanta; but that circumstance escaped our attention at the 
time, and the first clue to the solution of the difficulty was actually supplied 
by the observation that the contents of the earlier part of chapter II. of the 
Panchasiddh&ntiM show clear analogies to the methods employed, according 
to Warren and Bailly, by the astronomers of certain parts of southern India 
for the purpose of finding the mean and true places of sun and moon. Ac¬ 
cording to Warren (Kila Sankalita pp. 118 ff.) the astronomers of all those 
regions of the Deccan where the Tamul language is spoken make use, for 
calculating the longitudes of sun and moon, of a peculiar process called by 
him the solar or Vakiain process, whose characteristic feature is that it 
enables us to find the true places without having previously ascertained the 
mean ones. This is accomplished (if we limit ourselves in what follows to the 
processes concerning the moon which alone are analogous to those employed 
in the Paulina Siddhanta) by directly calculating how many times within a 
given ahargana the moon has returned to her apogee or perigee, rejecting the 
days within which complete revolutions have been performed, and taking the 
true motion for the remaining days. To that end there are established 
periods, comprising integral numbers of days, within which the moon per¬ 
forms a certain number of anomalistic revolutions, and by these periods the 
given ahargana is divided in succession ; the quotients may then be rejected 
each time, and only the last remainder taken into account for finding the 
moon’s place. These periods are four in number, called t Vedam, Rasa 
Gherica, Calanilam, and Devaram. The Devaram consists of 248 days which 
comprise 9 complete anomalistic revolutions of the moon; the Calanilam 
comprises 3031 days = 110 revolutions; the Rasa Gherica comprises 123/2 days 
= 441 revolutions; the Yedam again is a certain multiple of the Rasa Gherica 
and comprises 1600984 days. The given ahargana is at first divided by 
12372; again the remainder by 3031; and again the remainder by 248. 

* I here adopt the alternative, discussed above, of the earlier part of the second chapter 
reproducing doctrines of the Paulisa Siddhanta. 

f I give these names in the—presumably incorrect—forms in which Warren exhibits them. 
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The remainder of this last division—called by Warren Chandra Vakiam 
Dhurmavahanam—is then used as the argument of a table which gives the 
moon’s true place and true motion for each day of a period of 248 days (= 9 
anomalistic revolutions).—If, on the other hand, the moon’s mean place is 
required, use is made of certain constant quantities indicating the amount of 
the moon’s mean motion during each of the periods stated above, to which 
there is finally added the moon’s mean motion during the days indicated by 
the last remainder. For one devaram f i., the moon’s mean motion, according 
to the Telugu Astronomers, amounts to 27° 44' 6" (entire revolutions being 
rejected); during one Calanilam to 11 s 7° 31' 1", and so on. 

Now the rules given in the beginning of the second chapter of the 
Pahchasiddhantika are analogous to those of the Telugu Astronomers. The 
periods employed there for calculating the moon’s place are two in number ; 
one called ghana and comprising 3031 days, which is identical with the 
Calanilam of the Telugus; and another called gati, which consists of 248 ninths 
of a day, and thus represents one anomalistic month. No reference appears 
to be made to longer periods such as the Vedam and the Rasa Gheriea of the 
Telugus ; periods of the latter kind are indeed not required for the purposes 
of a Karan a whose rules are meant to be applied only to comparatively small 
ahargaijas. If then we retrench from a given number of days all the entire 
ghanas contained in it, and again retrench from the remainder all the entire 
gatis which it comprehends, the last remainder alone is required for calculat¬ 
ing the moon’s true place; for it indicates what fraction of the current 
anomalistic revolution the moon has performed, and a simple rule, or table- 
will then suffice to show the amount of equation of the centre which has 
to be added to—or subtracted from—the moon’s mean longitude in order to 
render it true. Another set of rules is, however, required for enabling us 
to assign the mean longitude of the moon. This want the PanchasiddhantiM 
supplies by stating the total amount of mean motion accomplished during 
each ghana, and each gati; so that wo have, in each given case, to multiply 
those amounts by the number of elapsed ghanas and gatis and add up the 
results. It then remains to find the mean motion for the fraction of the non- 
completed gati, and to determine the corresponding amount of equation of the 
centre. Rules for these procedures—or for a part of them—are most probably 
contained in stanzas 5 and (5, which wo however are unable to explain. 

It further can hardly he doubted that stanzas 4—9 of the third chapter 
return to the moon, and give some further rules for ascertaining her true 
place and motion ; this the general wording of the passage, and terms such as 
ghana and gati which occur in it, seem clearly to indicate. But we have not 
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succeeded in unriddling those stanzas; and are therefore also not in a position 
to explain why they, if bearing on the teaching of the same Siddhanta as the 
former half of chapter II., should yet be separated from the latter by an 
intervening set of rules concerning altogether different matters. 

The rule for finding the true place of the sun (III. 2, 3) resembles 
the corresponding rule of the Romaka Siddh&nta, in so far as it does not 
Jeach a general process for finding the equation of the centre for any given 
anomaly, but merely states the amount of the equation for each thirty degrees 
of anomaly. The degrees of the anomaly are however not reckoned from 
the apogee, but from the first point of Aries, so that the equation of the 
centre can be added to—or subtracted from—the sun’s mean longitude with¬ 
out any preliminary deduction of the mean longitude from the longitude of 
the apogee. # The latter quantity is estimated at 80 degrees. Stanza III. 
17. contains a corresponding rough statement of the sun’s mean daily motion 
during each month of the solar year ; here too we miss a general rule enabling 
us to calculate the true motion for any given time. 

The estimation of the length of the revolution of the moon’s node 
given in III. 2G. differs but little from that made in the Surya Siddh4nta and » 
the great majority of Hindu astronomical works.—The greatest latitude of 
the moon is put equal to 270' (III. 31). But here also—as above in the case 
of the Romaka Siddhanta—we meet with another rule which appears to pre¬ 
suppose a greatest latitude of 240' only, viz., the rule given in VL 5. for 
calculating the duration of total obscuration during a lunar eclipse. A ' simi¬ 
lar rule on the other hand which likewise seems to belong to the Paulisa 
SiddMnta (VI. G) again seems to be based on the assumption of the moon’s 
greatest latitude amounting to 270'. 

The processes prescribed in the Paulina Siddhanta for the calculation 
of lunar and solar eclipses are of a very rough nature and much less accurate 
than the corresponding operations according to the Romaka and Sfirya 
Siddh&ntas. The author of the Paulina apparently aimed at nothing further 
than the establishment of convenient numerical formulas, gave no exposition 
of the general theory of the subject, and, for the sake of ease of calculation, 
introduced merely approximative values. No rule is prescribed for ascertain¬ 
ing the true (apparent) dirhensions of sun, moon, and shadow at the time of 
an eclipse Prom VI. 4. it seems to follow that the mean value of the moon’s 
diameter is supposed to amount to 34’, and that of the shadow to 76'. Some- 

* In the note on the translation of III. 2, 3. the remark is made “ The reason probably 
is etc,” But I think it would have been more appropriate to say that it certainly is so. 
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what different values seem however to result from VII. 6, which stanza also 
appears to imply a statement of the sum of the diameters of sun and moon. 
It is difficult to speak on these points with assurance, as the details of the 
rules cannot in all cases be explained with full confidence, and severaP entire 
stanzas have remained altogether obscure to us. 

The stanza VII. 1. gives the ordinary rule for calculating the parallax 
in longitude. "We are unable to point out any rule for determining the 
parallax in latitude. 

Among other items of doctrine which appear to be based on the 
Paulina Siddhanta there may be noted the interesting statement of the differ¬ 
ence in longitude of Yavanapura on the one, and Ujjayinl and Benares on the 
other hand, which agrees fairly well with the assumption of Yavanapura 
being Alexandria* Next the rule (III. 14) for calculating the difference in 
longitude of two places whose distance in yojanas is known ; an approxima¬ 
tive rule which would give tolerably correct results for places not very remote 
from each other.—The same chapter (21) also contains the famous, often 
quoted, statement regarding the former position of the solstice, in which the 
word ‘right’ (yukta), as we now see, can only be explained from the context 
in which stanza 20 stands with the preceding one. 

We may also mention in connexion with the Paulisa Siddkdnta the 
table of sines given in the fourth chapter, although it is doubtful from which 
Siddh&nta it was borrowed by Vardha Mihira. It may have been common to 
the three scientific Siddhdntas; the values assigned in it to the different sines 
are employed by Variha Mihira throughout the Panchasiddhantika, where- 
ever such are required. The most interesting feature of the table is that it 
bases on a subdivision of the Radius into 120 parts and of each of those 120 
parts into 60; instead of subdividing the Radius, in the ordinary Indian 
fashion, into 3438'. It thus closely follows the Greek fashion of expressing 
the values of sines, only preferring to divide the Radius into 120 parts instead 
of sixty. In the majority of cases the agreement of the stated values of the 
sines with those given by Ptolemy is as close as possible, taking into account 
that the latter writer subdivides his hundred and twentieth parts of the 
diameter into minutes and seconds, while the table in the Panchasiddhantika 
subdivides into sixtieth parts only. There are however a small number of 
cases in which the agreement is not complete. The Sanskrit text had in a few 
places to be emended to a considerable extent, and it thus is not impossible 
that a more correct text would exhibit an even closer agreement with Ptolemy. 


* Compare on this point the Journal Asiatic Society of Bengal 1884. p. 265. 
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On the other hand the circumstance that the amount of each sine is not stated 
directly, but has to be arrived at by the summation of the amounts of all the 
preceding sines favours the presumption of the emendations made being the 
right (fnes on the whole; for if they were not, the table as it now stands 
might be expected to show greater, and more regularly progressing, de¬ 
viations from the true values of the sines than it actually does. 

It may be noted that, in case of the table of sines basing on a Greek 
prototype, the plan of subdividing the Radius—and not the diameter—into 
120 parts would have enabled the borrower to take over, without any change, 
the amounts assigned in the Greek table to the chords of the angles, and to 
insert them in his own table as the values of the sines of half those angles. 

We finally have to compare the information about the Paulina Sid- 
dh&nta given in the Pafichasiddhantika with what we know from other sources 
about the same work, or at any rate a work of the same name. The sources 
alluded to are principally Bhattotpala’s commentary on Varaha Mihira’s 
Brihatsamhita, and PrithMaka Sramin’s commentary on Brahmagupta’s 
Sphuta Brahmasiddhanta, and from them Colebroolce already extracted the 
most noteworthy points. It appears that the Paulina Siddhanta, known to 
the two Scholiasts referred to, was a work following the same general methods 

A 

as the Shrya Siddhdnta, Aryabhata and all the later astronomers; at any 
rate it agreed with the great majority of ITindft astronomical works in es¬ 
tablishing a maMyuga which contains an integral number of s&vana days etc. 
and of revolutions of the planets. The data proving this are to be found in 
Colebrooke’s essays vol. II. p. 3G5 ; from them it also follows that the length 
of the year, according to the Paulisa Siddhanta, amounts to 365 d 6 h 12 m 36". 
Now, in spite of the corruption of the text of those passages in which 
Varaha Mihira treats of the Paulina Siddhanta, it is clear that the work of 
that name whose contents are summarized in the PaiichasiddMntik& followed a 
plan altogether different from that of the Paulina SiddMnta referred to by 
Bhattotpala. I need not restate here in detail what has been remarked 
above about the methods employed by the Paulina of the Pahchasiddhhntika ; 
it will be remembered that in calculating the ahargana, and the mean as well 
as true places of the planets, it employs peculiar methods of its own, which 
sharply distinguish it from the Paulina of Bhattotpala and works constructed 
on analogous lines. The length of its year amounts to 365 d 6 h 12 m , while, 
on the other hand, the length of the year of the Paulina known to Bhattotpala 
is the same as that of the year of the Surya Siddh&nta known to Varitha 
Mihira. And if any of the rules, given in the last chapter of the Paneha- 
siddMntikft for calculating the places of the planets, base—as not improbably 
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they do—on the Paulisa SiddMnta, they supply an additional feature mark¬ 
ing off the two Paulina Siddhantas from each other. 

We are thus led to the conclusion that the Paulina Siddhanta also has 
in the course of time undergone recasts, and that that form of it which was 
known to Bhattotpala widely differed from its original form, so widely indeed 
that there is some reason for wondering that the later work could go by the 
same name as the earlier one. 


i*hfha sitUUuiuta. About the Vasishtha Siddh&nta the PafichasiddMntikd, as exhibited 
in the two Manuscripts at our disposal, gives only very scanty information. 
Var&ha Mihira, indeed, places the Vasishtha Siddhanta, together with the 
Paitamaha Suldlulnta, in the lowest rank of tlre works whose tenets he repro¬ 
duces ; yet it appears strange that its teaching should not be treated at some¬ 
what greater length. If anything, it is the small space allotted to the 
Vasishtha, Siddhanta in the text of the PaiichasiddMntikd as here edited, 
which might induce us to suppose that certain parts of the work are missing 
in our Manuscripts. It is indeed-—as I already have remarked above when 
discussing the allotment of the different chapters of the Pahchasiddhantika 
to the different SiddhhutaH—a somewhat difficult task to ascertain, how much 
of the matter contained in the Pafiehasiddh&ntikfl in its present form has to 
1)0 traced back to the Vasishtha SiddMnta. With confidence we may re- 
cognise its teaching only in the rules given in the second part of the second 
chapter which are, at. the end, designated by Varitha Mihira himself as being 
founded on the Vasishtha Siddh&nta, and which moreover are of a quite 
peculiar character, marking them off very decidedly from the doctrines of 
the other Siddlnlntas. The rule, given in stanza 8 for calculating the 
length of the day at any time of the year, is similar to that of the Paitd- 
maha Suldlulnta in so far as assuming an equal daily increase ; but it differs, 
from it regarding the length of the shortest and longest days. The rules, 
given in stanzas 9—13 for finding the length of the shadow, the mean 
longitude of the sun and the lagna are also of a very primitive nature ■; 
but yet superior to what a work of the type of the Paitamaha Siddhanta. 
could supply. 

We may infer from them that the Vasishtha Siddh&nta no longer oper¬ 
ated with nakahatras, but subdivided the sphere into signs, degrees and 
minutes; and we also notice that it knew about the so-called lagna i. e. the 
ecliptic point which is on the eastern horizon at any given time. But, apart 
from this, the methods are so rude, and so completely omit to distinguish be¬ 
tween mean and true astronomical quantities, that the Vasishtha SiddMnta 
can hardly be included within Scientific Hindh Astronomy. 
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That the rules concerning the motions of the moon contained in the 
former part of the second chapter are of an entirely different character, has 
been remarked above already (p. XI). In spite of this it is, as said in the 
same jflace, not altogether impossible that they should base on the teaching 
of the Vasishtha Siddhanta, which may have borrowed various rules and 
methods from different sources. The point must be left unsettled for the pre¬ 
sent.—The Vasishtha SiddMnta is not referred to in any other part of the 
Panchasiddhantika, with the exception of a colophon in the last chapter, 
about which something will be said later on. 

There yet remains the question as to the relation of the Vasishtha 
Siddhanta, known to Varaha Mihira, to that Siddhanta of the same name about 
which we know from later commentators, chiefly those repeatedly referred to 
in the course of this introduction. Prom them Colebrooke already has im¬ 
parted some information about a Vasishtha Siddhanta which he ascribes to 
Vishnu Chandra, on the authority of the last line of the passage quoted above 
(p. XXVI) from Brahmagupta. The right interpretation of that line clearly 
depends on the way in which the preceding lines concerning Srlshena’s treatise 
are explained. Following the version of them given by me above we have to 
translate “ and by Vishnu Chandra, taking the same (astronomical elements) 
the Vhsishtha (Siddhanta) (was disfigured)” i. e. Vishnu Chandra, by borrow¬ 
ing various items of doctrine from different sources, gave to the original 
Vasishtha Siddhanta the same variegated, incongruous appearance which 
S'rishena, acting in an analogous manner, had imparted to the original Romaka 
Siddhanta. To the existence of a Vasishtha Siddblnta, older than the recast 
by Vishnu Chandra, there moreover testifies the seventh line of the passage 
from Brahmagupta, which apparently says that S'rishena borrowed the (num¬ 
bers of the) elapsed years and (planetary) revolutions of the yuga from a 
Vasishtha (Siddhanta); and the second half of that line further seems to 
intimate that that Vasishtha was composed by, or at any rate somehow con¬ 
nected with, Vijayanandin. An astronomical writer of that name is mention¬ 
ed by Brahmagupta in another place also, and—which is of some importance 
as more definitely indicating his time—also by Varh.lia Mihira himself who, in 
the last chapter of the PanchasiddhantikcL (XVIII. 62), refers to Vijayanandin 
as having given rules for the calculation of the places of the planets. 

Neither Vijayanandin’s nor Vishnu Chandra’s treatises appear to have 
come down to our time. The (Laghu) Vasishtha Siddhanta which we possess* 
does not evince any relationship either to that Vasishtha Siddh&nta which was 
known to Varfiha Mihira, or to the work of Vishnu Chandra, with some details 
of which we are rendered acquainted by Brahmagupta and later commentators. 


* Published by P. Yindbyesvari Prasada Dube, Benares 1881. 
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Having thus taken a survey of the chief doctrines of the five Siddhantas 
as exhibited in chapters I—XVII of the Pauchasiddhantika, and before exam¬ 
ining in detail the contents of the last chapter, a few remarks may be added about 
what Varaha Mihira states in XV. 33—38 about the longitudes and latitudes 
of certain stars. What authority he follows therein, we are unable to say. 

The statement referred to gives the longitudes and latitudes of a small 
number of junction-stars of nakshatras. How the longitude and latitude are 
measured, the text does not define; we can only presume that the Siddhanta 
which Varilha Mihira here extracts followed the usual Indian method viz. of 
referring the stars outside the ecliptic to the latter circle, not by latitude- 
circles, but by declination-circles, so that the quantities stated are what Whit¬ 
ney, in his translation of the Surya Siddliilnta, calls polar longitudes (dhruva) 
and polar latitudes (vikshepa). The degrees of (polar) longitude are, as in the 
Stlrya Siddhanta, taken from the beginning of the nakshatra ( = twenty- 
seventh part of the ecliptic) to which the junction, star belongs. The latitudes 
are, in a peculiar manner, expressed not in degrees, but hastas, which we are 
enabled to turn into degrees by remembering that one hasta comprises thirty- 
four ahgul is, and that the diameter of the moon—here assumed equal to 34 
minutes—is divided into fifteen ahgulis. We give the results, in a tabular 
form, adding at the same time, in order to facilitate comparison, the corres¬ 
ponding statements made in the Surya Siddh&nta (Whitney p. 321.) 
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Why Varaha Mihira should have confined himself to stating the longi¬ 
tudes and latitudes of seven junction stars only, remains unaccounted for. 
Possibly the Manuscripts are defective just at that place. The details given 
concerning those seven stars (supposing our interpretation of the text to be 
correct) diverge so widely from the corresponding statements of the Surya, 
Siddhanta that, considering the incompleteness of the material, a critical 
comparison of the two appears hardly feasible at present.—About the rule 
concerning the heliacal rising of Canopus (XIV. 39—41) a few remarks 
will be made further on. 

I now proceed to the examination of the last chapter of the Pancha- 
siddhantika, which is one of the most interesting but at the same time most 
perplexing of the whole work. The text itself apparently does not state to 
what Siddhanta the rules about the planets, constituting the matter of the 
chapter, have to he traced. To some indications given in the colophons 
I will refer later on. 

A survey of the contents of the chapter shows that it consists of two 
different sets of rules, of which the former extends from stanzas 1—60, while 
the latter, preceded by some personal remarks on the part of Varaha Mihira, 
comprises sttnzas G6 up to the end, I begin by analysing, as far as feasible, 
the former set of rules. # 

The plan generally followed in this part of the work is to state at first 
for each planet a rule enabling us to calculate how many (heliacal) risings of 
it have taken place within a given ahargana, or—in other words—how many 
synodical revolutions it has performed. To that end we are directed to 
divide the ahargana by the duration of the different synodical revolutions. 
In Venus’ ease the rule prescribes (stanzas 1 and 2) to divide the ahargana by 
584, and to add to the remaining days the eleventh part of the quotient of 
the division ; i, e, in other words, the length of Venus’ synodical revolution 
is estimated at 584 —j 1 , days. In the same way it follows from stanzas 6 and 
7 that one synodical revolution of Jupiter is estimated at 399 — ~ days ; from 
stanzas 14 and 15 that one revolution of Saturn amounts to 378 ~ days ; from 
stanzas 21 and £2, that one revolution of Marais estimated at 780 days minus 
IGl vinadikas ( = , about, J. th of a day); and from stanzas 36 and 37, that one 
synodical revolution of Mercury is supposed to amount to 115 days plus 52 
nadikas plus 45 vinadikas (for the rules given there imply that 8 synodical 
revolutions occupy 927 days plus 2 nddikks). 

* It will be observed that the English translation of that chapter confines itself to 
a literal rendering of the Stanzas. The following, systematic, discussion of the contents of the 
chapter is meant to supply the place of explanatory notes to the translation* 
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In the second place the rules teach ns, how to calculate the amount of 
sidereal motion performed by the planets within the given number of synodi¬ 
cal revolutions. —Stanza 1 says that during one period of rising, i. e. during 
one synodical revolution. Venus, passes through 7 s 5° 30',. and this is indeed 
the approximate motion of Venus within 584 —d days, if we suppose its 
mean motion to be the same as that of the sun, and reject the entire revolution 
performed. 

In Jupiter’s ease we are directed (stanza 7) to multiply the number 
of synodical revolutions contained within a given ahargana by 36, and'to 
divide by 3:91; which shows that 3.91 synodical revolutions are supposed 
to be about equal to 3.6 sidereal revolutions. This is indeed nearly the case ; 
for if, basing on the duration of a synodical revolution of 399 days (not 
399 _I days) and on the assumption of 364220 sidereal revolutions of Jupiter 
being performed within, a mahayuga of 1577917800 days, we calculate the 
sidereal revolutions performed during the lapse of 391 synodical revolutions, we 
find E6 revolutions plus about four degrees. And for these four degrees also an 
allowance is made, viz, in stanza 10, where we are told to multiply the num¬ 
ber of risings by five, to divide by eight, and. to take the result as minutes; for 
2£^pga iff nearly e qu a] to «J»gSg.. . 

The rules for calculating the sidereal motions of' the other planets are 
of a similar nature. Assuming the sidereal revolutions of Saturn within 
one mahayuga to amount to 146568, the quantity of sidereal motion within 
a period comprising 256 synodical revolutions of 378-days each is equal to 
nine revolutionsminus, four degrees eight minutes. We are hence directed, 
(st. 15) to, multiply the risings of Saturn by 9, and to divide by 256 ; and 
(st. 17) to. multiply the risings by 3,"to divide by 32, and to. look on the result 
as minutes, to be deducted ; for 4°+ 8'= 248', and ~|=-p. 

For Mars we have the assumption (st. 22) that fifteen synodical 
revolutions comprise eighteen sidereal revolutions ; hence we multiply the 
number of' the risings by eighteen and divide by fifteen. The quotient which 
indicates the entire revolutions is rejected; the remainder, multiplied' by 12 
and divided by 15, gives the mean place of Mars in signs and so on. In 
Mercury’is case, finally, 389 synodical revolutions are supposed to be equal to 
123 sidereal revolutions ; hence st. 37 directs us to multiply the given number 
of synodical revolutions by 123, and to divide by 389. 

So far the rules contained in the last chapter can, be satisfactorily 
explained. We now however are met by a series of rules whose rationale 
we are unable, to, assign.. Hitherto we have been told how to calculate firstly 
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the full number of synodical revolutions of n planet which have taken 
place within a given ahargana, and secondly the full number of sidereal re¬ 
volutions within the same period; and, for the purpose of ascertaining the 
amount of synodical as well as sidereal motion which the planet has accom- 
■plished in addition to complete revolutions, we have at our disposal the 
remainder of the two divisions whose quotients indicate the number of the 
full revolutions. Now, from these remainders—which represent in both 
eases a certain number of days—the mean motion and the mean position 
of the planet at a given time can be calculated without diiliettlty ; hut what 
is required, and what the rules of the test apparently mean to supply, are 
directions enabling us to determine, roughly at least, the true place of tin* 
planet at the end of the given ahargana. We are, however, unable to point 
out the general principles on which the rules are constructed. 

I begin with Saturn in whose case the rules appear to be simpler than 
in that of the other planets (setting aside Venus about which later on). 
Stanza 15 directs us to multiply the number of the synodical revolutions hyp, 
and to divide by 25G, the quotient of the division indicating, as explained 
above, the number of completed sidereal revolutions. The remainder, the 
text goes on to say, is the ‘park.’ The remainder—-which alone is required 
for the calculation of the true place of a planet—is thus denoted by the same 
term which, as wo have seen above, was employed in tire PnuliAi (or Vusishtlm) 
SicldMnta to denote the remainder of days from which tin* true place of the 
moon is ascertained. The text then goes on to distinguish three different 
amounts of the pada, viz. 30, 127 and DU ; audit will be observed that the 
sum of the three fractions jjj, JjJ» ^ j. amounts to I. r. one entire revolution. 
There are further mentioned certain additive, or subtractive, quantities, which 
have to be applied in ease of the padas reaching the mentioned amounts, and 
it certainly appears probable that those quantities are, in some way or other, 
connected with the equation of the centre, which lias to be added or sub¬ 
tracted in order to render the planet’s place true. But we are quite unable 
to demonstrate, by a satisfactory explanation of the three amounts, the truth 
of this hypothesis. The text finally (in 18, and ID) states certain amounts 
of motion which Saturn performs within the three khantjas, i. »>., apparently, 
the three fractions of a revolution (JJJ> .j*) which were mentioned above. 
But here again we meet with a difficulty; fhr while the text states for the 
two first khandas the following amounts: J H 15 51' and 5* 2s ;i,V, a <adetdu* 
tion of the mean motion proceeding on tlm data of the text gives | 1 |-j i 
for gg th of a revolution, and fr 27' U' for *J."' of a revolution. It is indeed 
by no means unlikely that the discrepancy may be owing to tic* eirenmsmnn- 
of the text wishing to state the amount of true—not mean—motion ; but 
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we ao-ain are unable to prove this by calculation. (The amount of motion 
durino’ the third pada stated above viz. , ^ th of a revolution is, according to 
calculation, equal to 4 s 19° 13', not to 4 s 7° 30' .as, by mistake, stated in the 
commentary p- 101. The emendation of the text—munayo liptas chatur- 
o-uiiilh sapta, stanza 19—-which bases on the erroneous quantity stated in the • 
commentary must on that account be rejected. Owing to the obscurity of 
the meaning it is hardly feasible to propose another emendation). 

The text finally gives (stanzas 19 and 20) a statement of the different 
phases of Saturn’s motion in the course of one synodic revolution, dividing 
that period into seven minor periods, and mentioning the amount of motion 
during each. 

- We have similar rules in Jupiter’s case. There too (st. 7) we are told 
to take the remainder of the division whose quotient indicates the completed 
sidereal revolutions, and to term it pada. Again three different padas are 
distinguished (st. 9), whose sum amounts to one complete revolution (~ +• 
j_ !iL = ?il), and for each of these padas there is stated a certain additive or 
subtractive quantity of obscure meaning. And again there are stated three 
different amounts of motion which do not very widely differ from the amounts 
of mean motion that Jupiter performs within each of the three fractions of 
a revolution stated above; the amounts given in the text being 5 s 9° 30'; 
6 3 ; 13°, while the calculated amounts are 5 3 15° 43'; 5 s 29° 33'; 14° 44'. 
Here too we can only conjecture that what is aimed at is a statement of the 
true motion within the given intervals. But, in addition to these rules which 
so far are strictly parallel to those concerning Saturn, we have, in stanza 8, 
some additional directions concerning mean and true quantities whose sense 
has remained quite obscure to us, so that even the attempted literal render¬ 
ing of the words of the text—which has been given in the translation—must 
be looked upon as altogether tentative and provisional.—Stanzas 12 and 13 
exhibit a statement of Jupiter’s apparent motion during each of nine minor 
periods into which the entire synodical period of the planet is subdivided. 

With regard to Mars again another plan is followed, of which the 
details however have likewise remained obscure to us. In Mars’ case the 
text, after having given the rules, explained above, for finding the elapsed 
synodical and sidereal revolutions, proceeds (in 24) to make a statement re¬ 
garding the difference of the planet’s mean and true places, it being obscure, 
however, in what way the true place is supposed to be found, and then 
declares that the course (eMra) of Mars will be stated according to the dif¬ 
ferent motions (gati). To judge from stanza 35, these motions appear to be 
eight; and as the text mentions the terms vakra, anuvakra, anugati, ativakra 
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and sighra, we may assume that we have to do with something like the 
eight kinds of motion enumerated in Surya Siddhanta II. 1.2, among which 
we meet with vakra, anuvakra and sighra. But most of the details we must 
leave unexplained, owing partly to the corruption of the text, and partly to 
the obscurity of the subject. Stanzas 25 (conclusion) and 26 state the 
periods intervening between the time of the heliacal setting of Mars and its 
conjunction (when it becomes niramSa), and between the conjunction and its 
heliacal rising. The meaning of stanzas 27 and 28 is obscure. Stanzas 29— 
32 treat of the motion of Mars in three of its gatis (op. the ‘ trayo’ in 32), of 
which the ‘vakra’ i. e. no doubt the retrograde motion is the first; the nature 
of the two other motions we are unable to explain, the text exhibiting only 
the vague term, ‘anugati’ (in 29). In st. 33 we meet indeed with the terms 
vakra, ativakra and anuvakra, and we hence suppose that those three motions 
are referred to in 29—32 also ; but, considering the various senses in which 
the terms ativakra and anuvakra are used by different authorities, we do not. 
attempt to assign the meaning they bear in our text. 

For Mercury the text, after having given the 'general rules for syno¬ 
dical and sidereal motion, at once states the amount of supposed true motion 
for eight periods of days whose total aggregate amounts to 5580 days, the 
amount of true motion being 360 degrees. From this latter circumstance it 
appears that what is aimed at is a statement of the different phases of true 
motion during one mean revolution of the planet (which, of course, is viewed 
as equal to one mean revolution of the sun). Why, however, the cor¬ 
responding period of days is said to amount to 380 days (rather than to 365 ), 
we are not able to explain, although so much may be suggested that the dis¬ 
crepancy is most probably due to a mixing up of sidereal with synodical motion. 
The text then goes on to give a general rule (obscure to us) about; the adjust¬ 
ment of mean and true motion (stanza 41 ), and thereupon gives a detailed ac¬ 
count (42—53) of the difference of Mercury’s motions according to the sign of 
the ecliptic in which the planet stands at the time. Wo are unable to account 
for those rules by calculation. 

There now only remains to be noticed, in the first set of planetary rules, 
what is said about the true motions of Venus in stanzas 3—5. The treatment 
of this latter planet differs from that of all other planets inasmuch as it ap¬ 
pears not to take into account the influence of the equation of the apsis, but 
limits itself to a rough representation of the true motions in so far as depen¬ 
ding on the equation of the conjunction. The difference is quite intelligible, 
if we remember that the eccentricity of Venus’ orbit is very much 
smaller than that of any other planet. The text specifies the true mo- 
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tions for eleven minor periods of days, the sum of which amounts to six 
1 undred and ten. Out of these, 584 constitute one synodical revolution of 
'enus, while the last 26 days must be viewed as the period within which 
'onus, after having performed one synodical revolution and having again 
itercd into conjunction with the Sun, advances so much as again to become 
isiblo in the west. 

Obscure and unsatisfactory as are many 'details of this, first set of 
planetary rules, we yet recognise with sufficient clearness that the elements 
on which they are based do not greatly differ from those generally employed 
in Hind A astronomy. The periods of sidereal and synodical revolution 
diverge very little from the ordinary ones, and the calculation of the true 
places appears to presuppose the recognition of the two separate planetary 
inequalities (excepting the case of Venus as noticed above). But we begin 
to feel on strangely new and unsafe ground when now turning to the second 
set of rules for the calculation of the planetary motions, which are contained 
in stanzas 6G—81 of the last chapter. 

The position and appearance of these rules are anomalous from several 
points of view. On the rules explained above which come to a conclusion in 
stanza 60, there follow a lew stanzas which look very much as if they were 
meant as concluding stanzas of the whole work, the author mentioning in 
them his name, and drawing a parallel between his own performance and the 
less successful eilorts of* other astronomers. But these, prima facie final, 
stanzas are followed in their turn by a further stanza (65) which seems to be 
meant, by Varaha. Mihira as an introduction to another set of concise planet¬ 
ary rules (grahakarika tan tram); for although the rules extending from stanza 
66 to the end of the hook are comprised in 16 stanzas (or in seventeen, if we 
add to them stanza 65), it yet seems most probable that the ‘eighteen dryas’ 
mentioned in stanza. 65 refer to this concluding portion, with which possibly 
one of the stanzas preceding 65 may have to he counted, or which originally 
may have contained one stanza more than our manuscripts exhibit. 

The matter contained in this concluding portion is of a comparatively 
simple nature. The rules at first teach how to calculate for each planet the 
number of synodical revolutions which have taken place within a given 
ahargaija, and then state the chief phases of motion within each synodical 
revolution, or half revolution as in Venus’ ease. No rules are given for cal¬ 
culating the true motions. 

But what is extraordinary are the durations assigned to the synodical 
revolutions. They stand as follows— 
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These amounts agree neither with those assigned to the synodical 
motions in modern Hindu astronomy generally,^ nor, therefore, with the 
true periods from, which the periods implied in the teaching of. the Siddhantas 
differ to a very inconsiderable extent only. To meet in Hindu astro¬ 
nomy with a set of numerical quantities , widely differing from those generally 
accepted is indeed so startling, that one at first feels strongly inclined to 
doubt of the soundness of the text, especially if. one remembers the generally 
unsatisfactory state of the two available Manuscripts of the Pancha- 
siddhantika; but it so happens that just in the concluding portion the text 
appears to be fairly correct, does at any rate not immediately call for incisive 
emendations. Moreover, each figure is given twice over, and that in two 
different forms, the text stating at first, the length of, the synodical revolu¬ 
tion in a fractional form (as f. i. ^- = 398^- in. Jupiter’s case), and afterwards 
giving the details of motion for a certain number of subdivisions of the 
synodical period; and we find that the results arrived,at by summing up the 
days comprised within those subdivisions agree almost throughout very closely 
with the former statements (in Jupiter’s ease f. i. we have 16 + 54 + 70 + 109 
+ 88 + 40 +16 = 393). We therefore can, for the present, hardly help accept¬ 
ing the rules as they stand, in spite of their startling uniqueness. 

It remains to consider from which Siddhantas Varaha Mihira may have 
borrowed the matter of the entire last chapter. The text itself appears to 
contain no indication on that point; there are however two colophons which 
furnish some—possibly accurate—information. After stanza 5 the Manu-, 
scripts read, Vasishtha-siddhunte aukrah, and at the end of the chapter, 
Paulisksiddhante t&ragrah&h. If we accept the former statement as true, 
it would follow that the Vasishtha-siddhanta possessed an accurate knowledge 
of the length of the planetary revolutions ; for although the statement 
directly refers to Venus only, it is—for reasons not requiring to be set forth 
at length—altogether improbable that the Vasishtha SiddMnta, or in' fact any 
Siddhanta, should have been well informed about the theory of one planet 
only. It is moreover by no means impossible that, .what, the colophon .directly 

* The Siddhantas do not indeed state the duration of the synodical revolutions of the 
planets, directly, but it is of course easy to derive them from .their sidereal revolutions combined 
with the revolution of the sun. 
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states about Venus only, should hold good with reference to the other planetary 
rules also which extend up to stanza 60, There is indeed, as shown above, 
that difference between the rules concerning Venus and those relative to the 
other planets, that, while the former do not take any account of the equation 
of the centre, the latter manifestly do so, although in a manner whose details 
have remained obscure to us. But as already remarked, that difference may 
simply be due to the circumstance that the equation of the centre of Venus, 
being very much smaller than that of the other planets, was disregarded on 
purpose. On the other hand, the circumstance of a special colophon being 
introduced after stanza 5, combined with the fact that the rules from stanzas 
6 —60 after all do differ from those concerning Venus, might be viewed as 
favouring the assumption of the two sets of rules being based on different 
authorities, We however must notice that the rules relative to Jupiter 
Saturn etc. employ the same term, viz. pada, to denote an important remainder, 
which had been used in the same sense in an earlier part of the work (chap¬ 
ters II. and III). I had to leave it an open question the doctrines of which 
Siddhantas are reproduced in the earlier part of Chapter II., it however 
appearing not improbable that the Vasishtha Siddhanta is the authority 
relied on. And thus the fact of ‘ pada 5 being met with in the earlier part of 
the last chapter also appears to strengthen the conclusion that that whole 
part (stanzas 1—60) epitomizes the doctrines of the V&sishfcha, Otherwise 
we might perhaps think of the Paulina which, as I have above shown some 
reason to believe, seems to have agreed with the Vasishtha in the rules for 
calculating the phases of the moon. But this latter assumption would 
conflict with the statement made in the colophon at the end of the chap¬ 
ter, which appears to designate the rules contained in stanzas 66 to 81 as 
based on the teaching of the Paulina Siddhanta. I therefore see myself unable 
to propose any definite views as to the sources of chapter XVIII. The last 
set of rules especially is perplexing, and, were it not for the direct assertion 
made in the colophon, nobody I suppose would be inclined to trace the deter¬ 
minations of periods given in it to a Siddhanta which seems to have been 
specially dependent on Greek teaching- 


A few additional general remarks on the character and the pre¬ 
sumable time of the works epitomized by Varaha Mihira may here be added.—• 
Taken together the five Siddhantas appear to enable us to form a fairly 
accurate notion of the transition of old ..Indian astronomy into its modern 
scientific form.' The Pait&maha Siddhanta, in the first place, is the repre¬ 
sentative of the prescientifie stage of astronomical knowledge, the other 
sources for which are the Jyotisha Vedanga, the Garga-Samhita, the 
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astronomical books of the Jainas, and a number of quotations from various old 
authors as f i. ParMara. During that period nothing of importance seems 
to have been elaborated but the doctrine of the quinquennial lunisolar yuga. 
The authors of all the works mentioned share the same essential characteristics, 
in so far as displaying a very imperfect knowledge of the mean motions of the 
sun and moon (and, some of them, of the planets also), and connected therewith, 
of the length of the years and months; being altogether unacquainted with 
true motion as distinguished from mean motion ; teaching an equal daily 
increase or decrease of the length of the day ; dividing the sphere into 
twenty-seven or twenty-eight nakshatras; entertaining utterly fantastic 
notions about the constitution of the earth and the universe ; and evincing 
a very marked tendency to work out in minute detail large sets of numerical 
rules founded on altogether insufficient premisses. They all moreover, with 
the exception of the Jaina books, agree in fixing the winter-solstice at the 
beginning of the nakshatra Dhanishthh. That from this latter circumstance 
no conclusion can be drawn as to the time when the different works mentioning 
it were composed, is at present admitted pretty generally. For it is neither 
possible to derive from the given data, with any degree of accuracy, the time 
when the original observation was made ; nor, even if that could be done, 
would the result prove anything regarding the period when the works in 
question were composed, since it is quite clear that the place of the solstices 
having once been ascertained was adhered to and stated in works composed 
many centuries after it had ceased to bo true. That in Varaha Mihira’s 
account of the teaching of the Paitamaha Siddhanta the calculation of the 
quinquennial yuga is made to start from 2 Sitka, has been mentioned above. 

There are two chief points in which those early works have influenced 
later scientific astronomy. The latter derived from them firstly the idea of 
a yuga i. e. a cyclical period, at the end of which the heavenly bodies return 
to the same relative positions which they occupied at the outset. And in 
the second place, the "writings of the earlier period already show, fully 
developed, the peculiar Indian lunar calendar which treats the tithi i. e. 
the thirtieth part of a synodical month as the true chronoinetrical unit, 
so that in all calculations of the length of elapsed periods, and of the 
position of heavenly bodies, the sum of natural days can be ascertained only 
through a previous knowledge of the number of elapsed lunar days. 

Concerning the position of the Vasishtha Siddhanta known to Varflha 
Mihira it has been said above that, while apparently more advanced than the 
Paitamaha Siddhanta, it yet seems to have been decidedly inferior to the 
scientific Siddh&ntas. We therefore shall most probably not be mistaken in 
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assigning it to the period marking the transition from the old purely 
indigenous systems to those works which were constructed altogether on the 
basis of Greek science. 

<P 

The three remaining SiddMntas fall under one category, all of them, 
however much they differ in details, representing the modern phase of Hindfi 
astronomy which is completely under the influence of Greek teaching. The 
general features of that phase are too well known to require restating in this 
place. If we enquire into the individual characteristics of each of the three 
Siddhantas, we may, I think, discern certain features in which the Romaka 
and Paulina Siddhantas agree,* while at the same time differing from the 
Sftrya SiddMnta. In the latter work only modern Hindu astronomy has 
fully assumed that type, which it has since preserved, and with which European 
scholars have since a long time been familiar, chiefly from the (modern) 
Surya Siddhanta itself, and from the SiddMnta S'iromani. In the first place 
the Surya SiddMnta only fully adopts the traditional Kalpa and Yuga system, 
to which it adapts the length of the revolutions of sun and moon and the 
planets, so as to obtain integral numbers of them all during the kalpa or 
yuga. The Romaka Siddhanta, on the other hand (which, as we have seen 
above, is specially blamed by Brahmagupta for not accepting the tradi¬ 
tional teaching as to the great periods of time) does indeed form a yuga, 
but one Of its own invention viz. by multiplying the Metonic period of nine¬ 
teen years by 150, so as to obtain the smallest possible aggregate of years 
which contains integral numbers of lunar months and. civil days. The 
original Paulina Siddhanta again seems not to have established a general yuga 
of any kind, but to have proceeded in each individual case with the help of 
specially constructed short periods of time.—In the second place, the Sfirya 
SiddMnta, as is noticed by Varaha Mihira himself, represents throughout a. 
more advanced, or at any rate more highly elaborated, system than the two 
other SiddMntas. This appears f i, as already remarked, in the treatment 
of the equation of the centre, where the Surya ‘ Siddhanta only gives a 
general rule; and specially in the theory of solar and lunar eclipses, where the 
comparatively full and careful rules of the S. S. stand in marked contrast to 
the meagre rules of the Romaka, and yet more so to the roughly approxima¬ 
tive formulas of the Paulisa.—In one point the Surya SiddMnta and Paulina 
SiddMnta (if understood by us rightly) seem to have agreed, while differing 
from the Romaka. The latter SiddMnta employs tropical revolutions of the 
sun and moon, while the Surya SiddMnta certainly, and the Paulisa pro¬ 
bably, treated of sidereal revolutions only. The Romaka SiddMnta is in 
fact the only one of all Indian astronomical works, which is based on the 
tropical system. Nothing, by the way, tends to show that Var&ha Mihira 
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was aware of the circumstance which accounts for the difference of the dura¬ 
tions assigned to the solar year, and to the revolution of the moon, by his 
different Siddhantas. That the summer solstice formerly was at the middle of 
Aslesha, but in his time at the beginning of Punarvasu, appear to be viewed 
by him as two distinct facts, each to be taken by itself, fie certainly does 
not render it clear anywhere, that the change in the solstice’s place is duo to 
the gradually accumulating effect of a process which had been going on, and 
still is going on, constantly, and that that process accounts for the different 
lengths ascribed to the revolutions of the celestial bodies. 

That the similarities observed between the Greek and Hindi! systems 
are due to a transfer of the elements of the former to India, will at present 
be hardly called into doubt *, and it certainly appears highly probable that 
the Paulisd and Romaka Siddhantas were the earliest Sanskrit works in 
which the new knowledge imported from the West was embodied. That 
these two works were in some special way dependent on Greek astronomy, 
has since a long time been inferred from their names ; and that conclusion 
is now confirmed by what we learn from Varaha Mihira about their contents. 
It certainly is no fortuitous coincidence that one of those fwo Siddhantas 
whose names point to the west, used the tropical solar year, and calculated its 
ahargaiia for the meridian of Yavanapura, and that the other expressly stated 
the difference in longitude of Yavanapura and Ujjayini. And that they 
were the first representatives of Greek astronomy in India, is at any rate 
highly probable, as we have no information about older astronomical works 
of hellenizing tendencies. While, thus, the general question as to the 
sources of scientific Hindff astronomy admits of one answer only, doubts 
begin to suggest themselves as soon as we proceed to ask, from what parti¬ 
cular Greekworks the early Siddhanta writers may have borrowed, and to 
what time the first transmittance of astronomical knowledge has to b<* 
assigned. Professor Whitney to whom we are indebted for the most 
thorough discussion of these matters (translation of the Snrya Siddh&nta pp. 
470 if.) has expressed the opinion that the absence, from the Hind A system, 
of any of the improvements introduced into Greek astronomy by Ptolemy 
seems to favour the conclusion that the original transmission of astronomical 
knowledge into India took place before Ptolemy; which at the same 
time would account for the many differences in detail between the Hindu 
system and the teaching of the Syntaxis.—Now with this view we certainly 
may agree so far as to consider it altogether improbable that the Hindu system 
should have based directly on Ptolemy’s work. Regarding certain innovations, 
indeed, by which Ptolemy improved on the astronomical theories of his Greek 
predecessors (such as f. i. the introduction of the evection into the lunar 
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theory) it might be supposed that the Hindi! astronomers, even if borrowing 
directly from the Syntaxis, excluded them from their own, strictly practical, 
works as needless, and hence cumbersome, refinements; but if assuming the 
Hindtis to have been acquainted with Ptolemy’s work, how shall we Explain 
the numerous discrepancies in essential items of doctrine, such a & f.. i., to 
mention only one out of a vast number of cases, the different dimensions 
assigned to the epicycles of the planets by the Hindus and Ptolemy 
respectively ? But nevertheless it would be hazarded to conclude therefrom 
that the beginnings of scientific Hindh astronomy go back to a time earlier 
than that of Ptolemy. The whole question indeed is rendered incapable 
of decisive treatment by the fact that our knowledge of Greek astronomy 
anterior to Ptolemy is so very imperfect; a few points however which bear 
upon it may be briefly referred to. 

As well known, the theories of the sun and moon were settled in all 
important points by Hipparchus already and merely borrowed from him by 
Ptolemy. It would therefore not be impossible that any scientific Hindi! 
work, confining itself to an exposition of the motions of those two heavenly 
bodies and of rules for the approximative calculation of their eclipses, should 
have originated in the period intervening between Hipparchus and Ptolemy. 
Hipparchus again had already given determinations of the mean periods of 
revolution of the planets, which Ptolemy found means to correct in some very 
unimportant details only. On the other hand, it had indeed not escaped 
Hipparchus that the true motions of the planets can be satisfactorily explained, 
only if wo recognise two distinct inequalities; but he had not undertaken to 
separate those inequalities in each case, and so to establish a workeable theory 
of tin; planets. The latter achievement Ptolemy distinctly claims for himself, 
and we therefore must conclude that any Hindi works—such as f i, the 
Sunn Siddlnuita--in which the anomaly of the apsis and the anomaly of the 
conjunction are clearly distinguished are later than Ptolemy from whom alone, 
directly or indirectly, they could have derived their theory. In spite of what 
we have learned from the Paftcha Siddh&ntild, we arc unfortunately not yet 
sufficiently informed about the entire contents of the earlier Siddhantas to 
apply the preceding remarks to a determination of their age. The Paneha- 
siddhantika says nothing about any planetary rules being given in the Romaka 
Siddh&nta, and that treatise, in its original form, might therefore possibly have 
been one confining itself to a system of lunisolar astronomy, such as could 
have been established on the teaching of Hipparchus alone. That among the 
works which represent the first remodelling of Hindh astronomy on Greek 
lines there should have been some which treated of the sun and moon only, 
will not be considered unlikely, if we remember, firstly, that the theory of 
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those two heavenly bodies suffices for the construction of a 'calendar, and, 
secondly, that also the purely astronomical works of an earlier period—such 
as the Jyotisha Vedariga, the Paitamaha Siddh4nta known to Varaha Mihira, 
and thb Sfrrya Prajnapti—do not treat of the motions of the planets. But 
none of these considerations compel us to date the Rornaka Siddhanta earlier 
than Ptolemy, while on the other hand the very name of the treatise seems 
to point to a time when the fame of Rome had become so great that even in 
the distant east her name naturally attached itself to new views and doctrines 
entering India from any western country i. e. to a time hardly earlier than the 
century of Ptolemy. 

The Vasishtha and Paulina Siddhantas treated of the planets also, as 
we learn from the last chapter of the Panehasiddh4ntik4. The earlier set of 
rules given there apparently distinguishes the two planetary inequalities ; 
but as we understand the text only very partially, I cannot undertake to discuss 
the connexion of those rules with Greek science. Of the rules given in the 
last part of that chapter it might perhaps be conjectured that they represent 
a stage of the theory of the planets more primitive than that of Ptolemy ; 
for what is stated there about the true motions of the planets, apparently 
takes into account only the more conspicuous anomaly which depends on the 
planet’s position with reference to the sun, while the anomaly dependent on 
the planet’s distance from the apsis is neglected. That the mean motions 
attributed to the planets in that chapter differ in an altogether unaccountable 
way from the true ones (and hence also from those determined with such 
extraordinary accuracy by Hipparchus, and adopted from him by Ptolemy), 
I have remarked above already. But these facts do not, after all, supply 
valid reasons for supposing any knowledge of astronomical matters to have 
reached India from Alexandria before the time of Ptolemy. That certain 
details in the Indian system appear more primitive than Ptolemy’s teaching, 
may simply be due to the fact that the Indian astronomers, with their strictly 
practical tendency, did not aim at any great accuracy, and neglected what 
in their view, would not affect the result of their calculation to an appreciable 
degree. And there is yet another, and in my view, very important considera¬ 
tion which may account for the divergencies from Ptolemy on the part of 
Indian works, of a date later than his ; a consideration which Biot already 
has repeatedly suggested. It is by no means impossible that the astronomical 
knowledge which the Hindus have worked up in their Siddhantas was not 
derived from any of the great scientific works of the Alexandrian astronomers, 
but rather from an altogether different class of books viz. the manuals used 
by Greek astrologers (as Biot suggests) and, as we many not improbably add, 
almanac makers. The astronomical views of men belonging to those classes 
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may reasonably be presumed to have been rather imperfect, and to have 
diverged in more than one point from the theories of the great scientific 
astronomers ; they might have borrowed from the latter whatever appeared 
indispensable, neglected what seemed likely to cause greater trouble in 
calculation than would be justified by the results, and, at the same time, pre¬ 
served elements of older, long antiquated, doctrines. The rules given in their 
manuals might not improbably have resembled in their form the rules met 
with in the early Indian Siddhantas, especially the Paulina Siddhanta, which 
apparently did not even hint at the theory of the subject, but only aimed at 
enabling the practical astronomer or astrologer to perform with the greatest 
possible ease and rapidity the calculations absolutely necessitated by his 
profession. The assumption of the earliest scientific (or quasi-scientific) 
Hindu astronomers being acquainted, not with the writings of men like 
Hipparchus or Ptolemy or Theon, but only with works of the class mentioned 
above, would I believe help to render the whole process of transmission more 
intelligible. Whatever distinguished the teaching of the practical calculators 
of Alexandria from that of the scientific men, would in that case have 
perpetuated itself in the Indian treatises, and would thus from the outset 
have differentiated the latter from works of the class of the Syntaxis. The 
fact of there having been transmitted, not a complete astronomical system, but, 
only practical rules joined perhaps with vague indications of general principles 
would moreover, I think, account satisfactorily for the many differences in 
point of theory which distinguish the completed Indian system from its Greek 
prototype. That a work of the class of the Surya Siddhituta should spring 
directly from a work such as the Syntaxis, would be almost incomprehensible, 
even if we made the very largest allowances fbr the tendency, on the part 
of the Hindu adaptator, to harmonize the new foreign doctrine with indigenous 
tradition and modes of computation, and to simplify his original to as large an 
extent as possible. But if we, on the other hand, suppose that only a very 
imperfect knowledge of Greek astronomy was transmitted to India, and that 
Hindu Jyautishas endeavoured to erect on that basis a complete system of 
their own, we can understand how there came into existence works of the 
type of the Surya Siddbanta, which, although evincing a fundamental depen¬ 
dence on Greek astronomy, yet show unmistakeable traces of originality in 
numerous details, remaining indeed in by far the greater number of eases 
inferior to their original, yet hitting here and there on new devices and 
methods of undeniable merit and ingenuity. The perfect Hjnd$ system would 
in that case have to be characterized, not either as a mere loan from the 
Greeks, nor as a mere adaptation in the ordinary sense of the word, but rather 
as a combination, and farther development proceeding on partly original lines, 
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of elements of astronomical knowledge, transmitted in a rude and detached 
condition from the west. And the merit of originality as far as it goes, would 

most probably belong to the, unknown, author of the old Surya Siddh4nta. 

• 

We next must enquire whether the older Siddhantas themselves 
furnish any indications of the time when they were composed, and so 
indirectly of the time when Greek astronomy was introduced into India. 
The evidence on that point which is supplied by the Panchasiddh4ntik4 itself 
as understood by me is as follows. Varaha Mihira I suppose to have written 
his treatise about the middle of the sixth century (see above p. xxx), and to 
have taken for his epoch the year 505 A. D. which I understand to indicate 
the time of the astronomical writer Lata, who himself is said by Var&ha Mihira 
to have commented on the Romaka Siddhanta. The latter treatise therefore 
must have been composed at some time anteceding—and possibly considerably 
earlier than—505 A. X). That the Romaka Siddhanta—and in fact the 
other four Siddhantas also—are a good deal earlier than Varaha Mihira, 
is confirmed by the general attitude of that writer with regard to the works 
on which his treatise is based. Varflha Mihira clearly distinguishes, on the 
one hand, individual and manifestly modern writers, to particular views of, 
whom he refers in a few places, without however crediting them with complete 
independent systems which it would be necessary to abstract; and, on the 
other hand, treatises of generally recognised authority, not to be neglected 
by any writer who aims at giving a complete survey of the astronomical 
doctrines current at that time in India. Of the class of writers referred to, 
Varaha Mihira mentions Lata, Aryabhata, the guru of the Yavanas, Simha, 
Yijayanandin and Pradyumna. Of Lata we have reason to suppose that he 
flourished about 505 ; of Aryabhata we know that he composed his treatise, 
termed Laghv4ryabhattyam, in 499. Whether the other writers mentioned 
by Varaha Mihira were earlier or later than Aryabhata, there is so far 
nothing to show. But it is certainly an intrinsically probable view that the 
authoritative treatises, to the exposition of whose doctrines Var£ha Mihira 
devotes his work, and which to him appear to exhaust Indian astronomical 
learning, were earlier than the individual writers to detached views of whom 
he alludes incidentally, and whom he manifestly does not in any way consider 
superior to himself. 

This conclusion is in conflict with a view expressed with more or less 
definiteness by several writers on Hindh astronomy, according to which 
Aryabhata is the oldest of scientific Hindu astronomers; for three at any 
rate out of the five Siddhantas which we suppose to be earlier than Arya¬ 
bhata have to be classed as scientific works, But there is in reality nothing 
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to prove that Aryabhata was the first to embody in a Sanskrit treatise the 
new theories transmitted from the west. Had he held that position, he 
would of course have been entitled to have his doctrines fully abstracted by 
a writer like Var&ha Mihira, who constituted it his special task to summarize 
all the more important theories current at his time. But, as remarked above, 
to Varahu Mihira Aryabhata clearly is only one of those numerous writers, 
who occupied a position not unlike his own, as being engaged in remodelling, 
and possibly here and there improving on, the teaching of the received 
Siddh&ntaa I cannot, in this place, enter into a full discussion of Arya¬ 
bhata’s doctrines ; but even a somewhat superficial examination shows that 
they stand in a particularly close relation to the Surya Siddhanta, whose 
teaching they indeed modify and attempt to correct in many details, but yet 
unmistakcably follow on the whole. This becomes evident, if we compare 
the Aryabhatlyam on the one hand with the Paulina and Romaka Siddhantas 
as summarized by Vartlka Mihira, and on the other hand with the Shrya 
Siddhanta as reported by the same author, or, for the matter of that, with 
the Sfirya Siddh&nta in its modern form, although we have had occasion to 
remark that in some points the old treatise agreed with Aryabhata’s 
teaching more closely than its modern recast. Var&ha Mihira therefore, in 
only occasionally directing attention to special views held by Aryabhata, did 
all that could he expected from him. 

Tim presumed priority of works of the nature of the Shrya Siddhanta 
to treatises of the stamp of the Aryabhatlyam is moreover strongly confirmed 
by a consideration of the general form of the two. The former, even in its 
modem shape, is a diffuse, loosely written, ill arranged treatise ; the latter, on 
the other hand, is a compact, highly finished and systematical compendium 
which, like other works of similar kind, is much more appropriately viewed as 
marking the end of a certain phase of literary development than its beginning. 
In a certain sense indeed Aryabhata may perhaps be said to occupy both 
positions at once. Belonging to a later period than that in which the new 
astronomical theories had for the first time been embodied in works such as the 
Paulina, Romaka and Saura Siddh&ntas, he yet may at the same time have 
been, among astronomers and mathematicians, the earliest of that group of 
polished writers, who aimed at summarizing and systematizing in treatises, 
distinguished l>y conciseness and elegance of form and style (and apparently 
most of them composed in the Ary& metre), the contents of the less 
ambitious literary products of the preceding period. He may thus, in the 
special field of astronomy, have been the first representative of that literary 
development, which Professor Max Miiller with so happy a term has called the 
Renaissance of Sanskrit literature, and of which Var&ha Mihira himself was 
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one of the chief ornaments. This at any rate is possible, and, as far as our 
present knowledge goes, not improbable, although we cannot positively assert 
that no writers of a similar type had come forward before Aryabhata’s time. 
Lata, whom I consider to have been an author of the same class, appears 
to have been a somewhat younger contemporary of Aryabhata. That the 
other writers quoted by Varaha Mihira and Brahmagupta, all of whom we 
may assume to have had aims similar to those of Aryabhata, should have 
been younger than the latter astronomer, is barely possible. 

Originality of doctrine can thus hardly be claimed for Aryabhata, 
even if we understand originality in the limited sense of teaching what had not 
before been taught in India. The only, and indeed weighty, exception is the 
doctrine of the revolution of the earth on its axis, if indeed that also had not 
somehow been transmitted from Greece. Aryabhata’s work is the only 
Indian one, known to us, in which that doctrine is set forth, and Brahmagupta 
ascribes it to him ; but yet it is not quite certain whether it originated with 
Aryabhata, or was an opinion held by others also and merely adopted by him 
In chapter XIII. of the Panchasiddh4ntik£ Varaha Mihira when attempting 
to refute it does not intimate that it belonged specially to Aryabhata. 

The great fame which Aryabhata no doubt enjoyed we are thus not 
able to account for quite satisfactorily. It may have been due partly to the 
finished conciseness of his performance, a feature always highly esteemed 
by Hindfis; partly perhaps also to his peculiar system of notation. His 
astronomical work is moreover the oldest among those known to us in 
which there appears a chapter on mathematical science in midst of the astro¬ 
nomical rules, and the astronomical matter itself is exhibited in two separate 
sections, a gola pada and a ganita pada. Not improbbaly he really was the 
first to effect this amalgamation of the results of native mathematical science 
with the astronomical science of foreign extraction, and to render the exposi¬ 
tion of the astronomical theory clearer and more systematical by a well 
founded subdivision of topics; and that also might account for part of his 
reputation. 

There is one further point which requires to be touched upon in a 
discussion of the possible age of the Siddliantas on which Var&ha Mihira’s 
work bases, viz. the position of the initial point of the sphere from which 
all longitudes are reckoned. As is well known, all scientific Hindi! astrono¬ 
mers speak of that point as the first point of A^vini or the last point of 
Kevati, and this is manifestly also the tacit presumption for all the different 
rules given in the Panehasiddh4ntik4; one exception viz. that according to 
the Pait&maha Siddhanta the first point of Dhanishth4 marks the beginning 
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of the sphere, is specially noticed by Var&ha Mihira, Now, for fixing the 
precise whereabouts of the first point of Asvini we have to avail ourselves 
of the statements as to the longitudes of certain stars which are made in 
various old astronomical treatises, the earliest of them being the Surya Sid- 
dkanta, according to which the so called vogatara of the asterism Revati has 
no, or almost no, longitude i. e., coincides, or nearly coincides, with the first 
point of Asvini. And as that junction star which has been identified with 
Z piseium had the same longitude as the vernal equinox in 572 A. D., the 
latter year is supposed to mark approximately the beginning of the scientific 
period of Hindu astronomy. If, instead of following the majority of writers, 
we prefer to adhere strictly to the statement made in the Sftrya Siddh&nta, 
according to which the longitude of the junction star of Revati is not zero 
but 359° 50', we are led to 560 A. D. instead of 572. 

This determination of the beginning of the scientific period of Hindu 
astronomy has of course always rightly been looked upon as roughly 
approximative only, since we have no good reasons for believing that the 
Hindhs of that period were able to perfom so difficult an operation as the 
determination of the place of the equinox with great accuracy. That the 
beginnings of scientific astronomy have to be dated back another seventy 
years at any rate, already follows from the admitted time of Aryabhata alone. 
That the Siddhautas on which Varaha Mihira drew, among them the old 
Sdrya Siddh&nta, were also older than 572, follows from Yaraha Mihira’s own 
time. Professor Whitney, who has discussed most thoroughly the bearings 
of the statements which the Shrya Siddh&nta makes about the longitudes of 
the junction stars, points out that if, instead of relying solely on the longitude 
assigned to Z Piseium, we compare the longitudes assigned to the junction 
stars of all the 27 nakshatras with their actual longitudes in 560 A. I)., 
a certain uniformity of error observable in the statements of the Surya 
Siddh&nta leads us to suspect that tile measurements of position on which 
the list was established were made from an equinox situated about 1° to the 
east of that of A. I). 560 and hence at a time preceding the latter date by 
about severity years. 

At any rate the S&rya Siddh&nta supplies us with data enabling us to 
decide what point of the fixed sphere is supposed to mark the first point of 
Aivint But these data fail us, if we turn to other astronomical works. 
As we have seen above, the Pahchasiddhantika itself, where stating the 
longitudes of certain junction stars, says nothing about the junction star of 
Revati, and from what it says about other junction stars we are unable to 
draw any well settled inferences. But it is of course by no means unlikely 
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that Var4ha Mihira, whom we suppose to have written the PanchasiddMntika 
about the middle of the sixth century, should have agreed with the Sfirya 
SiddMnta in giving no, or almost no longitude, to the star ? piscium. 

• ^ 

But what, we must proceed to ask, did Aryabhata, and his predeces¬ 
sors, such as the authors of the Romaka and Paulina SiddMntas, understand 
by the first point of Asvini ? The Laghv&ryabhatiyam says nothing about 
the longitudes of junction stars, and we are therefore unable to determine 
what point of the sphere coincided, in Aryabhata’s view, with the first point 
of Asvini. The same remark applies to writers whom we may suppose to 
have anteceded Aryabhata. That the authors of the Romaka and Paulisa 
already treated the first point of Asvini as the initial point of the sphere, 
appears to follow from the PahehasiddhantiM; but nothing shows that they 
supposed the small star t Piscium to be situated just at that point. To me 
it, appears most probable that the earliest scientific SiddMntas used the term 
‘ the first point of .Asvini ’ in the same sense as the Greeks used the term 
* the first point of Aries’ viz. to denote, not a fixed place in the sphere, but 
simply the place of the vernal equinox. From the term, the 4 first point of 
Afivini ’ so much indeed follows that, when it was first coined, the vernal 
equinox was, according to the observations of the Hindfi astronomers, some¬ 
where to the west of the asterism Asvini and to the east of the asterism 
Revati; but about the exact point meant to be indicated by that term we 
know nothing. If indeed the limits of the nakshatras had been accurately 
defined already before the period of the SiddMntas, the term ‘ a£viny-4di ’ 
would have from the beginning indicated a definite place in the fixed sphere ; 
hut there is nothing to show that that was the case, and, as pointed out by 
Professor Whitney, it certainly is intrinsically improbable that the small 
star t piscium should ever have marked any important point in the sphere 
before the time when it actually happened to coincide with the vernal equinox. 
Thus to the author of the Romaka f i, the term ‘ the first point of,Asvini ’ 
may have meant a spot one or two or three or four or five degrees east of 'C 
piscium, any spot indeed lying to the east of the junction' star of Revati 
and to the west of the junction star of A&vinl. Later on, let us say about the 
middle of the sixth century, it was observed that the place of the equinox 
coincided, or nearly coincided, with the junction star of Revati, and as at that 
time the fixed sidereal system had exclusively established itself in India, 
that star has ever since been held to mark the beginning of the sphere. 
But the earliest testimony we have for this its position is the statement 
which the S&rya Sidclh&nta, as known at present, makes about the longitudes 
of the junction stars, and that statement in no way proves that the same view 
was set forth in other books of a presumably earlier date. 
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The preceding remarks merely aim at showing that there is no evi¬ 
dence for the earliest Siddhantas having identified the place of the vernal 
equinox with that of 1 Piseium, and that we hence are not compelled to look 
for the beginnings of scientific Hindfi astronomy in a period not earlier than 
the fifth century. I do not on that account wish to assign the old SiddMntas 
to a very much earlier time. All I am interested in is to show the possibility 
of there having intervened between the early Siddhantas and Varaha Mihira 
a period of sufficient length to account for the authoritative' position which 
the former manifestly occupy in the view of the author expounding their 
doctrines. Every requirement may I think be looked upon as satisfied if we 
suppose the Romaka and Paulisa SiddMntas # to have been composed not 
later than about 400 A. D. 


The present edition of the Panchasiddhantika is founded on two 
Manuscripts, belonging to the Bombay Government. The text of the better 
one of those two Manuscripts is reproduced in the left hand columns of our 
edition, while the foot notes give all the more important different readings 
from the other Manuscript. A comparison of the traditional text with the 
emended one, as given in the right hand columns of the edition, will show that 
the former had, in many cases, to be treated with great liberty. Not 
unfrequently the emended text is merely meant as an equivalent in sense of 
what we suppose Varaha Mihira to have aimed at expressing, while we attach 
no importance to the words actually employed in the emendation. The many 
quotations from the Panchasiddhantika, which are to be met with in Bhattot- 
pala’s commentary on Varaha Mihira’s Brihatsamhitd, and which as a rule 
exhibit the text in a more correct form than the Manuscripts of the Pancha- 
siddhantika, have been of great help to us. In a complete ‘ apparatus criticus’ 
of the Panchasiddhantika Bhattotpala’s readings would of course have to be 
exhibited in full; but as Bhattotpala’s text itself has come down to us in a 
very questionable condition only, we have, for the present, refrained from 
doing more than tacitly availing ourselves of Bhattotpala’s readings where- 
ever they seemed to deserve preference. A few stanzas quoted by Bhattot- 
pala and manifestly belonging to the Panchasiddhantika, although not to be 
met with in our Manuscripts, we have inserted in the emended text. 

* I take this opportunity of correcting, according to my present views, the translation 
of I, 10. As the translation stands, the last "words of that stanza would make an interesting 
statement as to the relative ages of the Romaka and Paulisa Siddhantas. But I at present have 
little doubt that the words ‘ na atichire’ do not mean, ‘which is not much older’ but rather ‘with 
no great distance ’ (or ‘difference ’), the meaning of the test being that the results of a calculation 
of the ahargana according to the principles of the Paulisa do not differ very much from those of a 
calculation proceeding on the data of the Romaka Siddkanta, ■ 
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What, in the attempt to reconstitute the text of an astronomical or 
mathematical work, has chiefly to be kept in view, is of course to arrive at 
rules which are capable of being proved mathematically. This consideration, 
has, in Taore than one place, led us to introduce changes even where such 
appeared hardly to be required by the external form of the traditional text. 
I may quote, as an example, the rule for calculating the heliacal rising of 
Agastya. The considerable deviation from the text of the Manuscripts which 
our emended text exhibits in that place appears to be absolutely called for by 
the general principles on which such calculations have to be performed 
according to all scientific Hindu treatises, and is moreover justified, as my 
collaborator shows in the Sanskrit Commentary, by the circumstance that 
the result of the emended rule of the Patlchasiduhantika agrees with a state¬ 
ment made by Varaha Mihira in the Brihatsamliita. In a few cases, 
notably in the last chapter, where wo were unable to emend the readings of the 
Manuscripts in any satisfactory way, Pandit Sudluikara has substituted for the 
traditional text, rules founded on the general principles of Hindu astronomy; 
a proceeding which will hardly be objected to, as the cases in question are 
pointed out in the Commentary, and as side by side with the substituted text 
the traditional text is exhibited in full. 
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^^T^rT^feFI^rT: W^RlftcI ^IUI *T*ZJI 1 m gOFRI* 3JR[ ^T^Q- 
SKfSfWFrmn ^rarlSRI^I *?cjrnr2jmrajj | 

y<i srch? ^*af 9RT^oEHRreT^=wiw i TCff^Nrr t 
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i sr&* nra^RmR^T afe 313 ^- 

%?feR3l fa 5l®3T3rT3E?T *3 ^ a|Rci: ^rW^HMSRTJlfa afe 
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angi^ism tj^iTR^gxri =arPRN sRoafaraaiifia ctgi tfa: rr t 
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^rnfFi: I JlIWcTR^T FTf: 3lf^TfT5RFn^I3IT^SKU§EWITTTiimri: ^jithtft 
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itoifbrtSI *if q^R^tfaRT qcri = — qftonRtai: ^qqt 5t ^rqi 

>5“ qo cs. 

qq rift: qrcsraqre turn: 5?8o' tRareq: qrfcqct: i ft^ngq^i hist rearoi 

_ , II BHO X ’ 3*1 4 •jq ^ ^ 

^o m qiift: sr: = ^ *i --= — i fifti ugr- 

qso x qo q. Q 

^ai: =J^ ~ = agRI* =s/ ( - *W f - ( -~* - ** 

- 

(«+*) 

= W \* ~*| jT°-(H-^j} 

iqztfftSHRglg TgjqftR 5fTftI Hg5K5!i: 

= j-x*J {^]{*•-«-^j!=W«|*-*J )»«-«-*)} 

qff qqiR JtgRqqjJ I 

e-a<> ^rt sisri^Nt q srrt^ts i 

3^IRfST15 I 
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<m: Izll = 'jl 0 ™ *-!™, ^0 *£fe JTT%^ 

quo ^cqoo ^ 

yaaca ^ ^ = ^8 ( q 080 £^ ^ - <l£C8 ) 

= ^ 880 \ 0 £;? 3 — SJO$£^S 
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<S>U 
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BU^gcr: SB>£f sij cjbb?! tobjb|: b wsb^bcI ^bitotwt bbbNi 
bi^b^rt b%bb^ 1 

£• ^mi TOftm 1 
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Nk n» ^ Bgsn ^ 
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fgswfa t?^ a^augreraaii ai% ^isaa: sfiiRaaaaail aran wai 
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^IT 5?nf3r5RRn!TH W^Frf l ^UT^TOIIi: ’ffe iWTO5^pRI SR^TOgSTF 

TOKTCTIW TFaifa ^RrtT TOIFIJ I g^SrH^lfeTO^I^^TORTS^TO? f^STO 
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R£-*Q. ??W ^TORTOTO 1 *jfaTO^^aTTS I 
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gTtsfU^IrR^T tuTS^T TO^TOHg^TOifa *59 TOFrRTTOT TORTTO 
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JTO13 TO^T^TcaTg cRtT 5RH33T aWTSgT PT^TT ^ aig^cT* 

^i^qi aTgarc f^wTOg Ptertfa st gfesRi nag i ag asaicasTTancr 
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ssreiaara: i ^tircresna* aTgafesT mFcr cptogarfft zttse: a^agnsircig 
nrasro pj:^ri ?rownrai sral nssm T5R ^Irt^raai HI^ctTOHH 

^ TOWTOTOm ( 3HTOI 5RI^ fgrpftu: fauqtfpt cJc^TO! 

fgiTOTQWrl^flrT^ra^i^ TO a^agfol =nst PN ^ratfaa^a=nt^GI ^ <=*| 
WoJFI I affair ^ r igjg^5F TO *J ga TOI- 

^raiWSRT^TSfi: a^T°fiaglT 1^1 I ^nqijlSRTT 

TngfarZUl^TOi^^N a2T3aH fPttl I 

?3rt fircra^Taismiw i f^raMaiartifH i 
'TOJ'FJ Tgia arc a^vsn W^t cTOT m*rTO3$rc=rTC ^ ^gUWTg^ TOl? m 

fqf^Fa rTr? ^gcfiTPt Trf%F?X!RSIT f \rm <3^1*23 m rTRITOmmi^THj: | 

?8-^«- apro ^qt fgggaanT ^itokwt? i af pnagiaii=pr ifaifar i 

si^nm: fffaanai a: agsna^^p? rcaang 5Ri^r?irn§3tf mi£ wraa- 
5^K f m^lTOKTWrl I 'SlgWFTF^ ^if^ilTgf^HTSgqgj? Wig 

I a^a^TTgat JqptSgl^T^rTC sfiTFrllrn^afsfsi g ^gaflrTC PiT^ 
^uirmnsa awt i aansr <gga«rcf s^tosW^i^ anfc*?rng5*T ^marci i 
jgiaFJiTOaiai ^a! jraiwrcf wt ggcwn^ artf^??qijjfgroj?ft ^iTOrcirrccf- 
to5rt ^laftTO i Troaw jqanan aa agwm smrclFti mfa g^;- 

^f53^TOTmiajqi&mia ^ttokt naran i fggjaT 'ajgigtwi^ fafat^m- 
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TOm^a^are^ai^pwH fagn^ntaig i nm f^qiafag^ar aro n i 
^raRt%i^ 'TO^tc^pfcK Ta=aia ’g^^a fegafai af?ian^r %a tfh i 

=a^Taam: i 3TOP«rc;g i ^itorfht ar: srcsror 3 to=«tto|\- 

mTn ^ TOigsaagT mrerai TOi%irai5^%i ffn ^ w^ioRai: 
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EITISRT T3Tf iN ^RcIT -TRT rl^JJI g^sHST T^g^W^cR fR I R 3 ^ EfiRTO 

skwtviH ^TRlTOpyr wr tot g^nut n^ire ^nifa ^xrfH towtreiw: i 

S 3 S> v^ 

i ^^iHWTOTORTrRSfzii w^rt^r ^iRTOaRgiR ft- 





mito mwu- 

RT TOf- 

V» 

^RRriRT^ 

H 'a^irnn^T 

s* 

R TOrtTO- 
ci l g»RUn 

iror^vara- 

IRl I 
raR^ini i 

* 

ai^ta- 
tf§;to i ^Sr- 
^g,5RTT=rlI- 
rror<ra»,3- 

N. vivo! 

totosw i % 
fafoiftJT*c2J- 
fiira, ris^ 
^jg$R yffl- 

x> N» 



mggFrifggJi i ^i 9 w = = ^«° i 


= co° i ^m = ^iT^^RfiT^ri: = 

< ° 

^oQTlRNlrT sugsngumn: I 


^fir 


C0° — 5*8° = 8J$° I 'sgsR, S5flT- 

1=^4 I fqg^T^lltKNiri 


g i nfa^rwsif^R: g^^mpor: i c^tot: 4ro_,mcn: i 'sifTt 53TI5- 

wn: fgfoir ?bt ragrn^mi^^raft^ratoi: = ^Bi,= ^rcgpi^T- 

titot: 1 cbt m$f%fa§l gnf^riri^i ntwireng a t ^i tfsRm- 

TJRUTct cBTSWafpi 3**35 *n3g?tlS?iT Tfa^^itFRcST * %m\ *5f?t I 

uf% 33 * 35^1 ?rfs*g fa^ =3?gJiS53*T 

mg^: fasgn: a^uw i sr^hj^ giir**^ 

grom ggig 33rcn: = i w^gnm *g Tfgg sBif^iH 

W* rNS!JT ^W^ITapn^JrK 3T§3I35ETg^t®J?ftf?t I SRI fR[T f*53Fc!Tg 
to# g ? T ? gmig*** i 4ran: gf*rfiT gfign: i ^b^t: tfgg- 

f%m: menf* g?tfnn 55i ^mfam iggrsrr aqsrf^ri i wro*# sn sinftssRrei 
xfe utoj 3^%i35: g^tggfero *^4 n<& anfcg# *fgg*T**Fif*- 
wftfa felfawi I *T#3 f^U^rni^rarR 5311^11^*1^ f*ERI=<TiRlI*l' 
JTiq^affT^^MTrerl I <#tf=pn?lT S^cfi^q^iqaT gTO*H #- 

giRI*5T fsR TO Tjgic*SR g* = s?Vjvl*I l gTO 3gMK3jhl f^4*f^g*re53T5*g- 

N> ^ 

«#T ST3 5T333»135T 3?WT*%T ?**# ?^S53R*31»33n^TOI fai W 

I JpRgqT^T 3T3 ^if^iB^rari 
irawT x«x 150_ « xi5o x aswr 

"»' .... " l5X$T5in(^ra,) — 1? X®T5UT1£° 

€f x 150 x trsw « x 150 x trawr c«o x trawr 5 x «€» x tram i«co x trawr 


__ gar (<nw,) x trawT _ tram x got is _ nawr x €£ 

“’ <15 15 “ „ 

TOT 5W^ cl3T fTORJT T5R TOT gigqi = 


15 X gat 1»° 15 X Sa 

W x <wmi 


sa 


sax? 


sax? 


i^co ^ xravrr 
sa 5 


go ggwi 


55IT^ 


H^^TOifn i n: gafegraroi- 

^s^ri: 5^T5i: ^esRifto?! i H^r^en^ 5^f4saf?i f%^mrara=rr afar 
^Khn ^r41n=^ ct^ qs?° i ^o 1 5 ^ ^n^5T5ifs?i 1 g as. ^ T: 

mm 1 *m m -g^m sK^ifNi^T x ^giiuidi ?R|T 5 

nfwi ?n=r: =^^4+4Sr,+ fk r ? =gim-^l ^ 

^ woi snigfam wit fggt^r: = < io(gT+U55w+ , isj) = ‘io(^T+^) 

+ s?<l IRWl l Wg«I^5R5f|fi: m BTfWTTa^fF! ql t=Rg?]R 1 







.-fy , » 

gsg[PF33T 

q£«4 


i; = ^8° ??ct: 3t§n^f%5gTuf 


«4aa qp x 

= , ^r?: U<5WT= —— 

a *4 1 


qs x qfi h. a 

- X — = y — 

a aaa ao 


= w x new = m ra^nsr: i = <= x m- 


m=cx!) --■=flro*ii: i fj^Hw = -- x tf^wi = fiR^s^ 

^ 3 

q^rereffSK^g i *m Mspraot 


^SfocPJFSTOl 


w- g- fir* as* ?<?• stot- 

fgRrg?: = ^c i ^ i ^ i ^ i i *se 

= S?8 I »? I <3 C i <3C I 83 I W 

gggife^n = SS8 » l 3°y I ?8<3 I IB* \ ^ 

»ft 6| W « 

fagsrairai^gJiH ^pnftoaw sr- 


sfrnif^i^gKJU imm - y ^ ^ sreas = ~ *3 51 %^ wrrt 


qo.9 X ^«i 4'MX1 434 ^ r. _ 

= —— = ——- = — = $ a $a TOnranra *U3^ < 3^0 tomi 3 ^- 

\0 ?0 ^O ^0 ^O <(0 lo 1<3 ?0 

s?<3 1 s?o | <i£ t *3s> I <iy I <3^ I & 1 y 1 s? f rlTH cR ^fig 

^°. *3£,^ ^5531: ^3'<2J3F3 «5[FfT, = a a^^HsTO^T <30 

r3^3 ^3g a fsg ^3rn: SfrfgE3fF^3S3IT: = tlLUl = 'l 0 = 8° I Q' 

40 q<j> 

IWfcwn $a ^IWTOi: = 38° ^ 35TU3 *— f^fflSR **<3 qiFNT ^ 

SO 350 ^O 


s%?ft ^iifn: =38 ~ + -~~ ^ ^nfarii qm 3srfsj: = 9.0 (?« — + —) 
== ?8<3 + *3*3^ |+1 = isgs | ^gwi: f%^ 3 ^=r ^nno^ijgpn. 

¥3^r3 ^ = <3858 | - <338a = n§ | talgfqpf ^IcT = ^y <30 + ^O 

=^° ^n^|i3^=3i ^ ^ vm mm = ~ = <30 

if^asinssiT^ ^i3^35^T 5?W3^|i TO%^irR3f^rw3?r swtetifsmfa- 
X33T5r3igi5^3^g rl^ g5T5a3%STXf gI33^f^3 l c3r9fwTC,seiI% ffJ^WrlRnH HT 3 ; 

1 ^3 H3^i ^TOmre^: «4NN: 1 risiigTOiT^^^TqiT’ff^T^i ^ 
Mf^SI m lfr4lf^3fiTWi: I f?^l^T 

©v 

q ^ r; io fafa W 5^ T: 8£ i Wt qilru: = 8£0 - = 8£<3 ~ 

( &0 1 S o 



^sgf^fTfef^TJrarrfissRT i 


( 33553113 ^ 3OT5§ir3#t$i ^ot^se: i 5»3 f35- 

^mcw !r53 nwifSRiTmuf^ 3 55153 si5i3 3 ^t| 5SJ *raran 35 t!w^ i55$ 
ferer^ f55i3 *g553-!f3 i 

•IC-^O. ^353 T333TW W§*& ^rn^rt I '<^51IITT|35rcif$ftf3lf3 I 
fw 3J^I 5m^T3?3^T(g35rcTT5f£=l ^T 35;«3W JTffS^M 5TTO3 ^3311- 
^W*3TR^T *1513 53T 3I3I3153 5535*; 3aT;g5335^ fS!13T3Hl 3^51 

* 553 ^ 533131 *r<a 333^01 3331315*11 hRt *i3i 33W3i35^s3 T3335ftS!- 
3$nsM?3: sjiferi: i far^nifn <5313 sfiracrar^ 

gu: 33 : 3 <aj| w\ 3513313 33 n 3 iraif 35 TiT 3 \ 

?313f ra^HI? i ^I^g^f§OToQTI5 I 
3TCH3 3TW3 ^331=35313 f r^inq 33T 5R13S3 3T*5 3 335$ 331 
3n3%33i3 ^31315531 3i<?3 3TC3«H3HTC3 33isfefl3 153^ 351313 31*5331 

5^33 3c3P3fil?3333J3f r R’cZJIg «313il[*3f3lf3 I 3^1 *f3*ln:335 33I3RI5: 

33 5Jitr^5R5RT5H3ff^i *33m5te5^ irons f ^^^33533 
JJSRRTH^W 3 f# l 53|?T3T 31 35^351 13;333 3 55 53155: 3313T*3- 
3T$! 33551351 UWIgl 33?3 3 55 5(551 *13551333 *1331^ 31^*l3T3l3 I 
55 3TO ^31*313 13^1313^33351312333S!JT3 31331=3 cRJc3i: %2i: 3^5 
*5*533^ 513=131 55 33=c3i$l 5 3fIT%gtl3f£33K3W33 ?r5I=5J3*3lfiWI3 313 1 


=?«• S3T31 531I35vI<?!31! I ^15575^515 I 

53*313T31W ^133323- 

31^35^*133 5^ 35 55 335c3fHT ??33: I ^Tcl 33I3533^lf33T3T- 

***t‘ ^ ^ ^ "®\. 

3[5: 55 555?«lr«T *% 5 5533*31313; 3*;g HJ3: 33ragI=rU331*H 

^151^5 33lfe: 1 

^sa^f ^315=1* 13^531! I 5|5T^T55KR55ifef?I I 


*TO3iit3l|3I=rl* 553=55 I 55 3SR3*ig 3|3T=rPC 33C5^5I315 1 
*?S?-^s>- 53l€f 135115$ 5515535! 1 5|T§TT5555Tf3r5lf3 I 
^|TaT5g3:m5aT5Ii:aimRr53R 3rT 33T33ig 5KnfmHra=5=55- 

5fef I ’55 515 HfHf355 ga^3T4l^I^5 55 faRTHSTO 1 5351^331^1*5113 33( 
5iW5ICi^?Tfi fRII$ 3JTJJ3153 &3I33153 3 5153 351 511135=31 5f??i53 3153 I 
fij335?$: 3513^(33 5l1%Rfl3t551^ 353IT 5f55f53r^5I3S!1133 5ffrWT$3f 3B1^ 
1331 Uh«5f3 155 ^5^ 33135!$ T335?3r5 S51f3 35r53f3 «531f53: ( 





I C%> 

^c. ircTQ^i i $rcrari$f?v j 

jpw^Rpn gl fs-rofa^r nfamfem i re i ^ m ^ q ^^ l<jr 
%rt ^imTjra »<m i =ArT^w f^RTj^TtfFFigi%sfH^^ m trarawm^ * 
^nfg^FRfa^ | 

*?£► $3 h! I I 

^sratf sn^T trsr xnwn^r $t sr: w* 

RfeH SIR Hf HRftcl l SJR ?fR XRJ3RTcl ^ ^ cRif^fa- 

RTT^Wi^lfel JRJT SIRW* SJfj Wr? ?R? I ^TOm^XIT f $ Z^f%H ^2TPlf^- 

f^^gjxui TOmOTif^^Rxa mm r?o topt, 5 * ot§m ^m- 

€r nfij?N wn ^sRg^Jrti. mm ^ nftici xwHfa %i femfh: ^sfa rw- 

fooqR TOHF I 



mm ^ xj^rfsn|:TOTW^ra3ffei rT^nuRwa: sisra ^tt^wr ^h^- 

1 ^ n^5%sx2?w: xOTijhr 

JffefR 5 

Cn. 



.cc 


tJ 5 gf«|tf 5 rr 3 iTI| 5 RTF?n 9 RT I 


sra nrmsH i 

<i~-% ?h 1 w fsnngpsFwiSir^irtaf 1 

f 5 rcn§jg’crro*p> ^ wwi’nsnrcwtroiT rfrci- 
5m 5 * vwi nrtnrejrerai priftwfei 1 m ctren^ fMfa ^335*1 gropfr wat- 
niiw «wwffh ^r&rasraOT nwiT n^iiqf nuraiN irai i wr: 

\> \sa s> 

Tmnrari spnotnrihu fjftanrffciFwm^ 8 ^*?qs fiiniig o^wi wra 
jtcwtoit: w: font nsRraici §r^d TProran ^razran wm: 1 ss ^ 5 ^ 

s» >0 , "V \ 

gfroraiwi nm^fa $«>n§ig xr^sef ^ $arei «nra snron: *0: ^fTr^ran- 
*n?w^r roarerr tori: man: » nwnj’nTarwnwrmKTOTg ^g^pms^n- 
fai§^: qos$$o$$ ^ xf^Wiit: ni: StoirmKimg ^siro 3 R^«a 

^reareji *reram: man: 1 ssns «r^ii ns noron nsf^-sfo 1 

^nmfa: 1 msiitm nrimrun: = ^8^0 ireTrnimsnfemfn 
- <*yae£<*acoo ci?iTS5TOT?)T zrfa; iR^^inapnin *l«l^ rt3[IW^^ f 5 K l?n Sg- 


VlfnqiT JJTWW: 


asBxiao 
^y^afqscoo 


X ^ 1 ? 


<100 «H8 <100 inn 


+ 


asavso 


aaaaaa saa^as W'SCqacoo 


x 


HOO «HB 

aaa^au 

<100 X «BB 


‘Sf 


/ qoo 

aeaq* ^ 

* 00 ** 

— — caorasr 

j'WQZWQOoo-WOt’lS'lZOV ^ 


qn^eq^co ) 

—. 

1 aaasau 

V x qy^^q^so ) 


pofg X<H8 


aaasa* aaasasxsywtfu.oco 
?lilrgtfi^g[ W^IoPl^T U^Roqtm^ JTCKRrRIl I 


g^rORinirf g irams~ 


spstmintreim wron: = sw nrnmrmsnfemfa = <iya^acoo 1 ?T?tT- 
sgsi^i j^innmsnfen<Ecigmin nmr&mift Eft wi^t nmuifn^r *frn: 


««c gwa x wg 

*ajfc9£l>9C00 


<na __ <&s a?csc?8 x <ns 

SCO SC9 W9Z<l9Q00 


W3 . / «!{gci58 

-1- (- 

£C4> \<WM>.3£^>9e:00 


= ^? + 
gca 


( quaacqcocc; - q«dss^9^c:oo\ 
gC$ X WMSWQOQ ) 


^ *cc x m _ 

gcs ~ scs> x qHM(q<9coo 


-) 

gw/ 

* ^ *v 

1 T%?unmim~ 


gc$ x qy^ssqscoo 

<ranm»rciw mswurarau* n irannroiicero^s «onn?m%i ^wa 


ninRjfsw 


sra ^nwimmWfrn: =* <i8$ys8 1 nwranmsnf^nfa = iyaa£<i&<=oo 
rotasgmfti ora: ireTnnmsnfgstramnTOn fl^isvmfc R nrnmfWE: 

x 3rg _ rooo x^_ <(000 xwg ^ qagyisa x_<*ooo xgf« 

<l»lv9^eq>9coo qo^ggoss <*o$ggo££ qo«gg:OS6 

J qooo qaeqea \ _ qooo x w& ( q<i 4 »<s»eq^cooooo - qMbsw^qaewm^ 




^ao«S606S wsei^cooy a * <io«ggoss V <loassogg X w>$€«l<9c;oo / 



nsgfagTfosKTirgiTfrraT i 


<jooo x ^ 

qo3££o££ qoa££og£ x qyus>a€qscoo 

r- . r- t\ . ...> 


^in nwjisraiTrTO^i now wmifugs 


^f=t ^^urai^iai Tjcifa^^Trsraw*: i 

8 - 33HT SqWlfSWZT T^mW^TrSreW* cFTZIufa I I 

H^W^5rair?I^Tg% *m*HTT3^T JTai ¥flT^ »qJT% 3^0 

arsi nc***v. sirem: i ^ irewraf 

H’ot fR9?rag3*i cicur.]: nirng^T ^jjt ^iout: ^iqsq <g gran: um- 

t%^t fattnaarensi ^r f srcrei ?fn i 

wmifa: i Asnw = - 0 - °— - 50€fi *^— i g^- 


833335 


833333 X IMatqaco 


UJ<OS- 


833333 


*HToR5R cECT 


cE[T jqn^I TgfRWoiTr^tR^ g W- 


30 ££ x 833333 


rirRfH^SR^i: 


<*oo X x q*d^€q^co qoo X qBsa^qaco 

* 30 ££ XQ5XBOXSOX£OX£0 30 ££ xqsxaxsxexeo X B X a X 6 X €x $0 


qoo x q<A^€q^co qqs^q^c 

X8XSXSXS0 30££ X B X e X so ^oqcpyo 


'i'zi'lt&'SB 


WftsTCire 


*€3*00 


H’Z’ZLOQ 


to'" TOrefiTCFtZH- 


iJMUS^ I 


R^RRvK^ 3T^T fflfl: 


ws_? ccx _5^__ 

gc& ‘ gca x ll'9J)€<l'J)coo 


i ’sr* xnsjf- 


ttcq: = s«> ri^j irarnaai wrap T^^znani ri 


3CC x ew 


^ 01 ^ gc^ x qq^Cq^coo 

•ROTIPWS «w?t = "^ii^- a l x so 

q^^^q^coo 

*CC X ^ X 3 X e X so x go X8X3XSXS0 X so *cc X 8 x 3 X SO X SO 


WC X B X so X so B4BM00 




cogg^q 


*£ai}O0 




IB 1 " =*^T I 'SlSN RStRSFT- 


xm ^FWironr^sR: 


r {an nsranni iraii awi fgcftotmi ^ swutchsr- 
- ^ ae *l°' sseo6s -=-^^4-w? 5IWJ^ rffnmfgsF^ 

<*oooxqo&g£o£s x qq^cq^coo qooo x qns^qscoo 

qo^^sxq'px^oxgoxsoxso qo^jx q^px hx sx sx s q 0*005 xaxaxsxsxs 


qooo x** 


q 0*005 x *ni 


qossgogg qo^geoss x qq^ocq^coo 


irjw3t»b: 


rfrnmf^^n: 


qooo x qqaacqacoo 


qqaafiaco 


q^q£j>a£o 


_ qoaaas xixsxsxe _qoaaas x s x e x 6 _ qoaaae x a x S x s _ S3££cj)a _ u m 

7 <m«t3<W — 83c3<loq q8Sqo3>i — q8Sqoaq ” * 

*m smra ^Pra^hRHR^ i At hwt 
? tfNT ^WTf5*Pwn 

r^^jfwrf ^im^nspronf^jf$ HSRRTOnemnfcRT^TH I 




<0 


^ftrfTf^SFTRJRTflRRT » 


«-$• *rai3Hi .wRit i ^^ggntmangr r 

n^zrnsn mimi ^ifa^ggnireiga, n$ifatfinrf?rawii n%m^raiT|si- 
*n*g m n^am i jtti ^giimi: nflim: ®=w%, m*ii 

^limgii mncroffi *h!t iw ffi smirni msrarn h^t pirwign^i 
in: srhshi ni^a frni: i ^rani ^trasoii mw 
^i5u: i srskh in^n, *mren nwfiranfftsii *r&.ig wftign n^gfai: t 
n^fisirnwi^fFi i 

^nurnM: i nfi jqimg^fen^qiTnnxriflTODT fjarr TOWii- 

fi%RTiniRTai8»o^o^oa^ ^ fifi isragnnfa mian: ini nginnw^^ i 

a. ?c£Hf‘ I mfmfarT fTFf I 

mii ^icRifai ^rnwgig caaa wiiii amir wnnrini wira hvj 

^ ^ ^ SA >o 

iiwf wig i n^R n^mn rtr^wn^wfngn^w: wg «| n?nu wmn- 

??t: varensi *wii irarg mg i 


^iinnm: i rjn TiimfiT%HT mini witorto srtor m- 


nraii = uT i m ^RinwnreRi srerarsnf wwrinj 


<ioo x qr 


m x *5 

<*<i£>vS>£<**S>C00 


<*oo x w 


=m jramrai nnuTRttwi — ^renicsroR sini mi hjt% 


wni t|rnn?snri g mi uriiinRifw^ nR 

= »«/_*,-^)xww ! -(- 

<*00 \qiiv9^q^coo ca€£/ ^<***3 


C9£v9 GTT 


<too \ q*i£v 9 £q$coo caes/ 
<ra x'zo x go x go x go xcsea 


<1 h^X^OX^OX^OX^O 


S1dM»£l<9C0000 

«X3XSX SXSX C*{,3 

taie^s 

«x e xsx ©sea_ 


^qisafSaeoooo )' ''" ^ 

__isxax exsxsxww 

HI — ass$oooo. =. --— hi — aaagoooo, 

tt&aeta© H 


Hi — aaa^oooo 


nexsxsx dv9£<$ 


a€;^o.a 
*CC X OSW 


hi - aaa^oooo. = 1 gpajj jtufR 


isiasas 

©xsxexeses 

SfSSO« 


Hi — aaa^oooo 


HT—aaa^o ooo x^=£_ 


siaaias 

S€W«« 


hi — n^sj^oooo 


HI = <U|tJ^OOO£ 


.-. m = 


sessosxxistfsoo.of 8y.888051SffCcea 


stasias 


siaaias 


*ia£^aooo» 


ni n wugprHHfaT wimnwron ^feriT^qf mi 
sKTog i a^£^^ooo .qft ^giiii^wjwi: wiwirinnf^niwnre^TiriwiiiwiminTiiaw- 
fan: wf^ri i wnmHn^ii^wnrtni wni«i: niannTinnfmffinRwi i 

>4 C\ ' " \) 




^SgfagTfogRTJISRTfasRT I 


'SI 


aFnfoi*R& 5 ^ 3 ^ sfn twm?i faciw mw 

%a \j 

^T^Tl *l^g m^?Tg5RT5^ iTOWfOJm TilMTflSKT t*I *rSig ^I^^TQIrf- 
wuram {^TjfSKismi ^Fwiwm srew wig i 


^roaf?rc i ^gqfarcmgFPiT 'aim: ^Mfwran: = so^cc 
wimar^^wafa ^to^ocoo 


fa wmniaj ^randfratf 

qo x m% 


solace x VI'S 


S4 

qo X WtI 


+ v 
*W» \ 


qqascqsct)© 

/qq^^oucBS - qya^qtfqooo^ 


^83 

__ qox^$ 


+ 
+ 


f 


\qq£$£q,$ coo 
wcas x ’ffT? 


qo \ 
^8$ ) 

^aifa 


xi^i^anRn: 


3S80 

q© 


«a<s> x qu^eq^oo J x qu^cq^coo 

ri^i irasrora ifai n*fai fgfrito*swi ^ fa^T^sfi 


<jaxaoxe*>xSox <nw>caex3 , aB'S r5xa x e x sxqsacae a x a x g x g x la-scas 


tio x was x <ja«9ac<i«coo 
a x e x e x <ia«cae « x sx<wcas 


aoecoea 


u^esTse 


<u>aaB8^ 


3£V!0>9 


•^Ca^oa 


: <*o" | w^iFfrag, ^wuqag i 


a. ^i^t gmmw • fatwfa t 

fatw M^^lwmfar ^ig 'amro ©sia: *igTfefarsrcn: w^esr: 
^5^1 fluw wzi'mv aRHaig i fanw ^ai^ihn- 

^jsei irw fmum: %wi aimffaisin wsr^w^: 1 

1 ufa: H51 u^rw^in*^!- 

n 

^Tl^l s^Bgo^oqoa^ fa^PRUIFN W TIWT 3 J: ifa 8 i s ? c ° I 1 ^' i Z" 

^Hunfa mutism w^FfWg u giiraigm^fa 

n o 

ttwikckr: in: = c i ^®° i $o' i^rwram^ra^* tBWpto: %q:=^ i *?°i =?E'i =*ir 

= q^&gir ^irwnapw %i^gf^ 5 R^im' am waq-T^Tgfi siiri- 

arBa*fixr^ i 

<*o-<w. amm Stonfasnai ^i^tw i %ou: awifat i 


iifml jrarofafaii nai^ w^gfasRsn: %an: i *rci: 

^OTigraapii Tii^i fa^rwr: i ^ngsjifasRm: s^t: i fa?t 

n^Tsan: a^ , armT^^T§f5Bm i laiftw^i^f^RRsn^an: 

srhosii: \ waMciw iKwaaii aa: ^800 wwi: waa ^ 




^ a3gf«|Tf^gRT!?5fiTra5FT l 

3I^RT Stffi w^lrl: O^TSKRi ttrorinczra- 

O Cs 

S?5m I raQJ'aillgt 5JMTO 5I*IT3f rtWT ^ ctgiqiffl I 

TOM TOT^RTraSB^gfri: fir?reiii^?ira: us|: I 

ifcufsafa: *rcJTCinM?t it 

*?u$?:nirsrrei?pr \ 

sa C\ 'O 

SZJWTRRSH??* T^3^Irf 5fsg qiimWMSIJFTM^ra gfelT It 

NJCv'OVt sa c Mi v 

fpq^TJJ^IOTrRH'l^ 5n^SR£RTSSinTFf I 

?% ^trf%gT?& *reanf?r: i 

fnregi^Tj^KOi wini?Rf jq^imra^Ri *nn *zwt t 






qsgftigTT^sKTnsfiTf^sriT i 

it *rare^iTciT!TOrcnj ii 

9.-5?- rmtl J7^qRmg rj^Tgi^T^Tl I fr^TTS » 

qpaM ^wTiRqfFUT m tfevi mwwt: siRnf t 

^i» nsGnragsbfl i ■sqrar: feg i tto: q^ i q^gcnfei^n: q^tfwmRa- 

qircqgisraRiRoasf: i qRsfT tIjRjcittot TtonsN sg: i fl=3- 

St* sc. tt* to* " 51 * 

“O VS Sjf 

qRRwmT WTOT^f = ao | 1 ^ | <io | 50 1 ^ ^ w^T 55Ri2frg 33- 

tlfl I I ^5fT f^^lRljRlrTT: f3H37 cf^MIF- 

RRm ctt^i^t h^jiRhtwfti nRRiRn: 159 Ston^H 

ireifm: w = $ x ^0 — <*0 = q<*o° a* = 1<iX5?0 = ^^ 0 ° | JJ = c x s?o = <l$o° \ 
^ = « X^0 = co° 1 qj = x SRO = ^80° | 

3- ?5r! ^torNt » qftaqfonRrfa 1 

wa g^nsfar frij^nr^i: ^8, flqRtqfioraro: »*? nwfu- 

171: *?$<> ^frJi: 80 m #3qR*7rqqn: *g: 1 

8. S^h! 9R11 I qfRlTOWraflsRnRrR? I 

RCT^T Xfltff #7Tg r!T%R 77Rlf%H^ ^Tfa^XW-ZI JJ^I 

nzj tiRn^ zi^rt zi|aj qw*n gsreiis) tw: 1 cTrtRm Tira^nrm^ 

rtfen sjq qgwj; qRRr gfri Staim m Rfra: cRHsa: 1 wn «wqjmin?n gai- 
U5I^ 3*7f7 qsfiRug ^iR TJcflRl f%faR^fWW**Rrl H2W ^ 

qRi g*i qczn 1 Tgrfra qaj% gsr: 1 ^irira: snRRq grft^ Tim gsi- 

qai: $nfz: 1 'qgi g 5^1 w^i: 1 *mfa: ^ifeRRi utwi?!: uRr^iRiRawn- 
^iqqi 9?i2 mffin 1 

N» *X 

sj-S- ^sn^f 'aii’^nTi^nTTf 1 ^qRRnjRrfl frmfR 1 
^ qqror^ ^igsraftRi^ wrRRaRi ^^qRrasn tfqRl 

Cv , s> *4 \* s£l 

*nNs<> J7T^ ^ I RmR#* JTclRTSWTrl qfRmR^T ^Cfi^iRn^ *r=im I 
-wra rfg qilfeq^ 5ZTOT§ f%3dIl7T <1^0 'qum^O SRrloJTO'Sim- 

SRilRE^ 5 ^ SrT^i qr^T2t g fq%CT^q xr^qRlj 

?3Fra §1135 1 jqgq'g f%^n \^o gRr?r gsro^ rr^fmFmqi': ^^rfegqfcR- 
fg»7%g qj^I^q 3^17 rlWI^ qfra^^qqng irR ibfRt^ ITfwt 

q^sun^iig gsn^T g a^\ ft§ ^Tg i 



€8 




wtmm: i r^shhjhIs ^ ^ ^gT^tR^gmsjjreig 

wamw&ti : ati^n 1 >ht i 



wn SRFWm, I SRgi^rW I H, 

C\. C\ X -ON* ^ x f 

i xm'^ra: i 

3,33*31*** c^rtcRct; 333*3 rrana- 

f3fifF5 fERTnSgwf^^ I v, 

i v' gjsrairaj^ *ni*3ii*ra[ i wa, gsj- 
tR^ITI 1 <rW, I vm, f%gqi, 

x X C\ 

^ 5 n#ifeqR^ioiiiSmT § 5 T, ^*g* ^?ts: m rt- 
tl Sfa' ^T rnits: I 

nz wifii^i «n *w' to: srat: 

Cv ©v s» 


23T3 5ff?&TW H5Ri3 rlM3^ 33T TOR* ftaui I5F SUrTT ^qfi3*3J 5H! 

^ ^ N v> 

r?imig n^wrot ^ gsji^irt ^ ^ ^iwrra»jfi««R|aTO5Primi- 

*m foa?* rT^TSWF^r^Ti ^ g^i: 


= wr±^ i 

«i 


- / *jftq;\ sftqt 

<g=|jwi; — ) -m=m± ——«3 


= jw 




^ff 3tnra *33** i 


Q-C. IF^R^UJI? I ^fi^fqr^filrxnfe: ! 

x» 

*!3 g3Ri&3»rc*n *f%3 mz fr^i cf^r ^S3n^ig^r 

*nsm=waiwiifg^if%iriw ^t 5?t§*eH n*3*rft*fr nRwoTwi^^n 
g*m ^sm*t; mm 3 ?It ngiq nazg, *f^** i*%i 3 *h 

s?tf -g ebt^ojj^ i ^r g^Tilri^s^* 5cra^3 33: wssrcii 

*mf33 3^3q«WWlf3fi(ra 33*3SHT^sriif *3<3T«J Tf3gg IF^T^T xrft*ffI«ITW 3f*i 
sRia 3 ^t*t jrarot gareR ^rlsjj w g3Tfe%*5 

«Rfo?3& 1 


1 m^^z. r^ssi H^ftftrofwn 

*F^pro^i ^gfwtmi grahgwciTOigig 3ixra3 m* 

( mi srcn 33 ^ wT^rginanraifw) 33 ^ n«jw- 

«t g^Taflt 1 ssr w^- 

n*t g g^i^'3 vr ^ wrfti- 

wtj ^'•sanxrf; =iwt^ 


«!5af«gTf^n5RT1I5RTf^5RT I 




= w=F^- m = m-(m± 


Qqret r^^fm s?w?rj% if^st jfrttft ot^rt t4to: \ 

S3 * 

£• ^Z5?RTKR JT(1 • 54 Ffi5R r <2fFPnT» : I r rl t 

53 5#f4RRi ^ wCT^qnsm w^mgT mv fa^Rmg ^orargif|^T«i 

jlfirf^or tokqt ssT^cjreRR^Jipq cfrPran^m 

swnretf 5 Rhset will ^4 g^nti ^ ^-farsra: k 511 : wm: 


stroew w^^j: \ 


wfa: 



*FTOI 3 c*f& 4frtxS 


«it wr^mR? m ^3Mi4mPT toww r 

a*-n 15HT ^RTir^rmi »■ m vam: s^jr^tr i 

M, SJ si si 


TO SSTO Wig wIlT^TW^l. raira ^wr $5|55T RPniRRRfn: 
5fgBR^ra5R€mJ^TrT R^SEIT TRRR^RTWcn ^sFlifthliT cRTFRi g^q». 

g4 *h ^ spig I ziT^ wif=! aj|RR 3 ^ 5 *f%g 

TO«nti ri^T sa4 g^nti g ^n^4. <$k ^31 g^r w4f?r 1 giqRgjjgw- 

T5T g?TO WE 3fl5[jJT%K ttaPRRt 5TTTO: TO: R3T4 1 

54 giffiig^wn Sl5RR59R5RI^l 5^1^351 ^5BfoRSKl Hm^I i 5^1 %TrI%- 
TO^nffTOKT 5RR*3T SgcRfiT in fRf k 

'i 

Wlc^RW 5RK 55R^ I 


<F** ^TRt TOTOFTCi l 





<* TW 5 gR Si £ F3§: ij 5Tf rfl TOf cRT sKUSHR- 
*31^=5 5U5IT 354 W3T3^*TRRT5i: ^351R^5Rl^K^fP:Pmt ^Prl I ^m- 
5J3T tf45PS4RRRT5l gfR5 cRI ^*51 mfa 5^1 ^RTSR^RRRRir 

55»RT45i?l5cl3l *RT f% ^t5T *Rrfff4i ^I^NPFTCtan:. 


^o i ^o- i ^o i ^a i ^o> i ^o- 

C| a l 3 1 a i £ l SJ 

aa i a£ i aa i a3 i aa i as? 


TO55f?i: i 3RT *t45i4t: 5wrt^t mf?r fi5T tf4g¥ni4 sitto $ m - 
?ri fepifa 5Ri ^gn «i mm \ 54 *4|*i43Hc3i3ri5Rg ^ rTT^^^R 

r!RJR ^t 451TR1T 4^ R^Qrl 54 5I35T3HT '^PrRfal 

3551^31 55jft T4raRT H 

5fem iffl I 



<£S 




^- 18 - ? 3 RT WRRfHT TOPURffl* I I 

w^ati^wr faqicra^^aiT^^T ^igwiSfa iram ciz\ ninm 

firam mm \ *rehg ^ih ri^nwii nm- 

3 qil^T T^raf: SfifWclcI^ireqR fiigqWWi, XJIrf- 

^gffRn?3!IT ^gTWfl W mmirVW. I m JIT ^TgranfTT 

q§ hot fagi m g^cmirTOTsirri JT^ranni m^i^T ^g^%=n mh ^m- 
sraj to w sigran ^t won qx <§& ut jsimi to! w from 
nitm srsfi v\m cist totoi mrTOfT^TT^jjT f^rto *rafg;fH 1 

?ri#!: 1 ^Ta^^WT^Tri^a«^gR^T:TOT: sR^sii m'r ^ , <* 0 vi 
qo^' 1 <^' ^ru: sRCTfn^Tsgm^i to T^smri firmcm^fsnin torr- 
oR^T 3 »to to^TcWf T^tTC^I RJ ^fTTrTT tol^HT sfi^HI mSRSlT JTCSmH^: 

9w&w to to^isckst r^to far snm toi?t m&iK^v. 1 

404xfa53T (434 - S8) faOTT <134 fcJOTT 38 faSUT _ f faSUT 


*JW*q 


5TCH3J = 


jrt: = 


qisK^q •—* 


430 

434 faSOT 
430 

404 fasoT 

430 

404 fasat 


430 


430 


430 


€fasar 

3X8 




q^O 
*3U%99T 


€ fcTOTT 
c 

€ FefqrGfT 

C 

€ faOTT 


efeeoT 


£ fcTOTT 
c x a 
CfcTSaT 
c x a 


qso 


—!rs. .- *•* • ....... ... ... . * . ._-.jr~... ^ 

srjto q^sn *rasro=wnni3 wrier, qrorR- 


torotorcitosiT i ftocw^sqgqiwrnTi# 

Srtomi f^TTgq^rT to » 

cfT*TCr^g€faiKW *tt*t ^T^%rswr^l: I 

flTCT^IT ^ toi^WSltol §ltoTI«tol ^iih to I 




asafagTfoaimsRTftisRT i 


<*.-*• rf^T^T a^gHfR WaKHTW I I?caT 5T^^r33TT3 I 

aFTOTSWaWTa JJFiaRa^H <183 fffaT cagjT cJ^T U<=8 

a S^ren 33[a^T ifirT qiqT5=3I3TH ^TCZJIR I =STO UTHqMTapi Tnarej 
aerial: ^iwctT =afcren ^reaarea a^*n*n: uw^ *iam \ ajreraa:, q^iqn: 
TaWRfi<?IT IT?! I qisR 33WFR1* afiniii: <*f|jWT qi|j*!TnTl?aTR JTr^T rift: 
TOicfjj mrer areata trirn i 'tff'smfifq': to q?ia- 

^i5^T wrarer i wj at ^ ^scit asaT^qi a rajaa q^wfan- 

tfaigSra ^rai narrar ctnaa aisRsa am nn^T g^^reracRreai iiaT ?raa: 1 

aareaia: 1 anawzTaarero 5R?a arawawi: 8^0000 

QO^CC 1 ^ff^^giri: W^^SWJIIT: ^QO^cc ZTT 2 T it^- 

*PRli: cR^T^Tt^TR <iy3S)£qscoo T&a^^OTnfc FR SfTrl asRa^STTKff- 

ana: = q -^~p = ¥ c * -* | i *n arag^T sre8 - ^ a 1 

rJ^TIl^IS%^ SF8 - I afar TaH^Jf} rlcJT ^WTOT qH Tgaifa | 

*m wrwrcra uaa araan ^ri^i sf 8 aa *rw as*?T seaimg-i arena qfa- 
nreg => **w - aaf (y =8 - X ) = ^ - ire 8 32c + **- = %% + - 5 1 *jn 

**m - y^8 35 = %qfeaTia 1 aia: aaqjafaraa afs ag^kiarswR; nfgca^ 
narT aimawria ^ain 1 arcr a^i arargair: aarenlN aia^^waqiqfH- 
wm: aff afnfe^: aiareaT^a: area^ai «aia - ?ret arrgai ^gii ^miaoj 
a^wraq^fsaTa areraT 1 ^sR^^aaaiqMsRMv y^« - ^ g T ^. 

giaismaqini afe aa? irreaWaaf^: ^ 1 reirei^T n«ran ni ^=8 - X 
fa; ann^aua^ |3Riwiaffl ; ifl[ = 3 TI i y° 1 *?<=' ?^qqi gaa 1 

^a aaa^aTwrwig- 8 wai girms^aiain 1 ^iwriafiTn^Tqnsa- 
^TfaqrefgT^a^a afnas^a a sRifq nanramn ^wiren 1 ^ifnqqina=aa a 
araqiaw gfi^qjwa^iTaiai ana^aia *ruft 1 

3 .-y. awaiw ' afgaaSirairef 1 

qfgaaqj, ail aafTfiaaaanwa^sfn sara3:i a?R: qniigaai^T ann~ 
^naf^pfi’c naaT^aagii aaiWraqin Tjmjn^aagn ja^qraan ^ffiarefaagJT 
Tgaqr^aia asflin nmsaigaR q^Tanmi^a: ^n^qraaia rmreawf^; 

* seriWBaiirasBaf^^nfe^raTgBKJiii afs nuaa sst nca - ~?faTire®f?r i 
<»a 







*ir^T m wi i cifti gat: ^r: 5^3*1 waR*;*i- 
gfri cm: n^wfam: ^ ctftr anuwft^: nmfem flqfn 

clftl qfqU-TWt W5T W^Tfl H^I 3^'^: W T3^: 

^y° ttosit gqwram rrm feqsrgn nr^i- 

wm: m^TtiBT f^ra vw. ^ii gw mwi i 

^mqm: i 331 sm: *mf?r ^Tjqmwimferftf^: aim- 

gtfqSIH *t»3H TRW %m 5935WJRJ7I 

N. s.> V 'O n\ C\ ^ 

tos: 

* •• w° \ ^ ^ 

. .; «3 sm^cn tig^rrafg^nwtwifii: srelifarH: 

* *’ ' sa J ^mian: i 

* * ♦ <$& j 

* ]* ^ i! c 8 f3^: ^dhiTfgn: ctci: 

« .. -« f qf^qmra^: qfiqmqt ^T^i wafa i 55- 

.’ ;; “J l g^gti^Maneuci ^ + ^5 = ^0 5ctFn^- 

+ ^0 f^: Tjf^jqt5T 5J§RT <|W WolTft I 

.. .. / 

e«lO°,qi' 

gat: ^anmrafir 133^5 

«i ?N n^q sgnm: 1 * 

\j sj \ siffl ^ 


f'S^Tfa, 
go, ♦ 
So, 

SO - 
cu • 
a, * 
n, • 

% * 
qo, * 
^0 ♦ 

* 

So, 

sqo 


$—< <&• i3mf mrwn^nt 1 fqqgf^fecsnfe 1 

WWll^fehofl^TH Tattle W ^53531^: ^£5. 

ffcii ^sarni sraim mn\ $ 5faF=n i^rei; ^tigii: i 33 * 1 - 
*55*3 qqjqi^I trlwfacfe^ 3 mi 3TC313I® piai 

WWIWfl $}C I qre 5 I ^ 35QM1^ 535551 JURfal 33\35IWfa- 

3£9. «r5i: q^^^ngigfqyiiqfi Tg: w^g^r ^eucet ft^i 

^ irarai ft^i: 5mMW5i^S5nmc3J?T 135 m ww$ra3ict 5 ^ 3*55353 it^i 
jwnfq^i^gq^TOafiFt^ 51^1 n^g^mFi ^Rjuraism^ 

q ^tvatl^T qu^Fflq W3T T?5WT I 5Tqfq^ *1^0 qa^fi flqfft, ftiqq 

^ vi ^ v 

qpHsrai ^gi%5qffi^5T|T: i«y$ 5^S|i %ETRrtq: 

I§1 viqimi ma^qT: <(^ 5^S|T IT^T ^rTTail^ <IZ 53- 

5a^ 5^i: u^ |-i i^T: i 5^5fi: Mjqq ufertrersHaq 

5ra 5Rq3JWr5I3^I q u 5^5151^ ^3^5gWf^ gqft: 5R?n ^T^^FfT 

555^^7 nTi: *5<ri 5»^izn qqi^nf^^ifqi^refim *jqf% i 









tisgfefTfsFiaRTtrsFTf^sRr i <?<? 

= JJ* I £° I ^0' | T^rTpj^fri =g 'gang TOFcW 

*ar<ra g nTOT gnrafwm i 3^51 qftsirpw H 6 i% 

UgJJ T?^gJT §T3*I, ^rTTT^W^gfl^IPl- 

far^T^gfjj rlrr: gjJTg%q WRlfl rtrt: UfTgrf: ^rfg^JC^j 

3 ^: q#n nmmiiT wjtt mm WTH^Ttrenfa re^fr - 

wr»n*j q^^nfc^^^srrai^ Ji^raf rifi nra feir=iTSflm 

WTCtJO *ro: floim l 

^ o 

i ^TPBciEfiiraqmqfagT^HqNTin m = a^oooo ^ 5 ^nq. 
n*m:=^8^o ct?t: sftgtR^pnwn: = - g« = ^sjsjaco i ^%^*praratN 

qyas^acoo SRT3[^3 ^giwfrRfl^Tygm^T ITT 5 5 £y^sco xptfa: qyaaa^acoo 

5RI£[=TIH <*!«FrI rftsffJTrQT m 5fm 3?5SXTT<=fSJTI^fI = —-= ^££ - 1 ?q^cn- 

m^KTc? I rt^T5=^T5=ltn^T JJT3[ ?cc - 1 

v v> c. s> 

f5R UTflTIH = —“■;: ^££ ^5«rT %m SR?^ 

^ a<c — ? 

cI30 cn?cloI%WrH = ^1 - 3 ( ^££ - |) = - ^££3 + | 

= %T3[ + 3 3££ T^TR ^£9. ^£2. X 2£9 T3[^IFl Ufa- 

SO N> 

mim fi^TsguT^T ufar qijQQatacoo g^vpran ^i«i^ fi^r 

^££ X 2£9 \2ri: fsRWTPt ^Irtt ^£9. 33[tn^^ HKhW&t: = *— *°-? a *5 . *. a 5 . 1 

= i o TT i 8 ° ^pq-T^Tm i ctftn^isgqi^T ^£9. ami ^wfR 

fsR g^wron: n^M^wisiirq^i: ^faor u^^ran fieri: 
3£9 £T3f^q ^c^fKTSqiT qj *?80 5R51I ^«j^R f=R 5!$«JT: ^1.* 

= ~ 1 ^r^T?:W95RTi^q>: gq: qc 1 xi^t <qs[i q^q??m 

3^wirani5HR9 = — = 0 1 ^ 1 9^° 1 av ^ ^ 1 e° i ^ 0 ^ 

5 WTr(P[ I fgrfrW^S 9£^ JT^W]^ = JS = ^ 1 °° 1 “ ft^l^fa^- 

$** t ifTri^ <3?iTq^qi g *rcroreir — = o^ i <i8° i 88' ri^raia^ i^° ^ 
ri^ i ^ g^ip^^FsrfiigRTCra sR^ii^g ^miaqr ^graqq^fjqRiT^T ^fuifar 
mzfa m qi^T: foEiTig^T qfsfimoag^q^ • qf^ 



<^00 


tr^ftrfTf^THSRTflfSfiT I 


go fang irenffi: = q5° 

ao fa^a jtcitth: = a 

58 • ♦ * ♦ ^ 

qa --. <* 

so.. - e 

go-- *. s 

co .. * = +q^ 

Bid -- ♦♦ -• s= € 

30 -- . . VI 

aqa q’n+q^ 0 


^ruunfHi m: urercfecn fswmi vm i 

<18-^0. ^RH11 I I 

TSorcfwiTsi^w*: ^ri =?ict^h <ujo spr^ti i 

i rj^i sragi 5 ^ ^^wfr ^ si^hr tpfoqi a of wr^m^^ETT 

Hcjpr?, $4 TOi^apngsnRjm fatwren: feRT i cr: Sforia^wi 33 rt- 
^T3i sung oa%5 i ‘sftfagTfa tIrt^ rtct3rr sennnfa i *m 
^WnmrtT^T^IrqTlTOn^^^ffJI^I^q clfq^W SRR fig TOfllfcn C£ ij^ 
ertW <1$ - la 5F(MT«JT fflJXf? ^Ria?n 

min <*q tj: mm: *J ^ai« ^Tfafrefnsrai 33 - 

jjt^ warn gam ifg: sR^sns^gigsRiT^n: 

siant 3fq^ <*rt: ^Raji: 1 <{$ sfu^r, 

w&ik: 3ttwp=cr ^0 tjspizbfi imuniFg, 
H^qaR flr^XUsHFg, ££ H3WR (JcTTa II 1W5J §13*11*11 

^arajircftfiT: 1 fgfiia iqpraafereR: ^f^fg^r: 1 1 

uni g raf^ gjinn sfiinr ^rjIfr 1 ^ 2731 ^ft^ff- 

gSPPRftTSSIR* %§gfait^WW fi^T^mgll ^^T^lT^fgJIDq^R ^13^5 
fgftjgraf^T *f^ i fffii faarmgn agagrof|^hiii *rafa cTfti ass: *ir?$- 
tr $= fRi^ « ^sren^ g<gn *Rffi m: 'sam gg 

^ri wnfmswircfi ajRfaissRftai agifas&gfNi wy §t «mig *jf c=nrcfi 
ir^Tfi ?m tfa: cr^iwi: 'aR: raffST q^>rig$3*i!iraroi ac$ia:a 
%r: 1 


^imm: 1 aTOriaRTfi^nfi^TRRSTCin tfwigr: 8^0000 gfiwjmn: 
^W -’W = 8*1^8^ fl^TSgtll^I afe 8^8^? 
*mg: <u*qq£«iqcoo fgRifii *iwir ?ittR jqu%3 U ^^gifiifiH: 




= ^ ^ ^Riinu m*i fa ^n? gstcf: 1 fj^is^sgui^r 


aqasaa^ 










CT5arfegTfifI3RTII5RTfi[r5KT I 


X : ^^ww*3CTJ1*toN T5R 5?mi awn: = -—. ^nraiSun- 
^ v *«»» 

WR*n 3 QC =3*iR TWcCi fr»T c#tT RTCHRtjRRH = W - 3 (^><= ^) 

= - ^>c 3 - — = R&T3C - — I ^iNiT^R^3fR 3 9C lifqjfq ^ ^yg; 33 ^ 

^0 <{0 'O N> 

x ^ys: 1ar=IIT% rl^TjgTn^T afe qyas^acoo <l8^g;c **1*511 

cvzi sac x *?y$ =?ye 33^1 M^mi: **y$ 33^ rfwhdt: = _ 2 * g 

^ » ^‘iStf^vSCOO 

= s - (o^ 1 «° 1 s') riHTsgtn^i iriaf =?y$ £ WR*aT ^wor^ cra^ia^n^N 

fsR *tr ^s«rHT jwhjrt n^i^miong na^gi fjtjr <iy ^tra^m- 
ffWRffiT I C£ g iroTSTScl I 

<m HT5 ^ys - (8° 1 v) = - waifi o^siotpsr 

f 5 E 5 (TrT cR^TrUSfi = ^ «qi?T I 

34£ 33 

^ ^ ^ 50 X Q3 _. 

**m 30 n^Tm r?5i ^itohh —— = ^ CT , 1 v? 1 «' Rri^- 

^iFi ^retirm ^ 1 iy° 1 <w/ ^ tffern: 1 h^t 43a cte* rangsrcm —-— 

^ 3 

= y^ I 5 RC° I ^y' ^jzjtrt ^T^iaqTSrlT^i y^ 1 3a 0 I 38' ^ 1 RR 

H^T ££ ti^TR cl^T = 8^ I a° | 30- ^ ^THIFrl I ^^tTCiNTOTTO- 

3H6; ^ 

^rfisnulilrSII^T: %T%lcm=^ ^ cl^R wfHfal 33 T cl^ ^srKHRIR: SaRfTOR- 
JR?fa I ^ra U3T RIFJ: ^^RURST, 

Cs 

<ie fang •* -* Jiaa: ♦* -* ico' = 5 0 


H£ * - .535 = 8 535UTnJnfJ 

hvi * - - * * * *. o = a 

sc .* *• **• ... = — 3 

go .. ♦. -♦ -- * * .. •* = — 8 

qon •« •• - * * * ♦• - • * • = + c 

3S •• ** ** ♦♦ ** * ♦ ♦* 33 4- 3 _ 

3^S + <iy° 


^oQTZfl^r flrt: UT^RISrlT T^^WIlTi: ^IW^HT I 

^-3y. f ^W^KIT^gWTl I ^I^TT^rqife I 

^PHIIrR^I^aW^ ^y^ R^TgSR 80 ^ IT^TJ- 

I ^T^tPi SIR r^r 

f^ri^iHra (lya + » = ^icai^T 

v&fci - ^h I ^I^RKDHT 33JXIIISJ1: ^^rt- 

fern ^RHT=i iztR I riff: HTOTfzj $f3T sfiHI?;if^- 

nwn^t waft 1 w«: i ^ir ^ 5311^1 n^i 









TimSFr: SqjScIigTTaW Sgm^T 3 JJSr?mT 3 *TtM 

ric^BIrl I ^SWfWR^rlT RCTWrag* #i ^RnRcW^cTTaRiT? ijnji 

STcimWl^T jqf«arn^ cj ^S^TOi: %CT]Scl 3 T ^3^KgRT^I 5lI^fJ5lf?^IR flsl- 
srfrffj i wq nmft^gR 5jmafaraw: ^y - ^tisrtwjt n* ^ wtrera^T- 
= 9 T^ ^ ^oqcfRTOgr^T^ I WII3=fR iTr^T RR% *Tira^I 

wgp? cRit fr^h^r fggc?Rn3 sam^T^^rrai^rcii s^infraifTf i wft- 
CT^TCFTf JTT^TTgtt^ 13=^** «rgi ZK'Zlwm fr^FliB: cR^trin I ^a- ^ISRT- 
WJT 5RT2^| T33sfiIT 3T ^TTHsfiR ^JJmrfl3fT^T TRI^rT g ^TZ??7 I 

* ^ 'O 

fejm wri JJ3i ^sRfnuniHT H3T *^#3 Ig^snfifa 8 «? 

fg^sronn^t 3^%i?fa ^rnr» rptr gf ^ fi^T fsFwgn wFs*rai»n-| m- 

5UR3TRlflgri?l I WTHW n^WT *11^313^ 3JUrT f CARRIER*, 

^3*TF1^5I 3J15 tnilT JJUft ctcJT SRfiR^rR WTHITfr: <188 T3 ^RTRt tRR 
cisFT'i'fiT RmaiRii^w^m hr: $o t^iwi^t sfit?* i 
3 r snnTiFi i ^w: «o 3 = 1 : 80 

f^aRrigi^ migraf^ mgi5P? gt^ci 35 kt3rt sps# 1 sfifc 

f^WTWl =3IKT WWSclifa 88 T3$: gjj, 80 fr: re, awm 

^TsRifew 1 m f »w 5 R^fw^T RThf^*r^ ^ tIjr: re $a 13^1 

J|® T33^ Wf# II 3$ ^1^=1 3*TTR33RTg5lsKiWR3 RR SR^HraT* 

^in^frar ^spragn 1 <* 1 ij 1 c 1 n 1 98 1 w 1 a *jfR|t: q^ivqf 

gpwri wm*R3I rwri gp^fi TifTo: ^ 1 o 1 qo 1 < 1 ^ 1 IS 1 ^ 1 W ijswgift 

€r^JTTHg^5RT nRffel^l gSITf t fcl 8 R3 8 ^a I 3S I 

n$ qgnRWcRim TlR<ai3 granm i reHsm fp^vn^ffia&i^Roirejm v 

*f*j:o g^rn riati ^nTmrerroflTrRn* 133 RT srRfi ^ i ^a i 8 i) i 8 ^ i 8 y i^ai 

C\ Cs 

^ gjmiirqi ^ ^Rfe^r. mm: ^igniTrqi -sftan^T ^ im %m i 

^mm: i giFan^rRi^ara^T^Twatq tR[«itwt: = 8^0000 
= nfa[ jj^: 

WT^: ^^aa^acoo M ^I^T W1IRR- 

^TrfcRl^i: =-= aco T5^IH - ^aa R[g!3^T^^igiaq^^ ^ 5[rlT TZ- 

^ ^ao'asasc 

gfe^iT ^TUTFfl, afar acofgf - qg^Rl ^Torugi^^T^T gf^SRM- 

f«B ^SBIT ^^aiUBfi: ulsirT grecJ^TOHJT 

= ~ 35 ( aco fs ~ ) = 'SRI - aco 35 + 33;^^ = ^ + 1 ^ fa 33 I 



qsgfgfTfRamaifaaT i so? 

'aa.fq qtaaT q^3aw^3ni*=sfrgi3a«ircn Storerratfwi c^TRami 
afe a^afa^a^giTa wai n^gisausN faa i ^ rsjri wort 
H^ISRWTS ig r£IF? ^3 gRantf q^3af?i aim TiaJIRWI n^i ffln: 

= ~- * = — acl ^WHOTO I aa ^sqasapRTOaaaRI f^TOHi 

ql 4 x 

^mw. raaaaRci a aia?i am 3aaaraaRacaT aqja Ra ^wjf! ?rert 

r~ r- .®v r . r~ ,— ,_ SO 5 JT?RTTtEJ 

aTgaiarnmna: tsr aiaiR rrr = ——— = ^*rto*i i ^anaron, i f?a- 

aama TgnaTRtfaaaRT TaaaiaT hw: aggf^rri: aisaifaciRRa ft^T araT- 
^macaamt Raifa afasaPri i hr aiaiajiaHai am9J aafia- 

arcai aiwa aara a surcfa reaga sairRi ama aaaaaTRciaa^TC: i =sra 

\> so cs 

JF^Rsrerasrc Raa aaaaaaai si^rr?; aim 8^ re^: asaia, act: 80 fat^: 

e\ x 

a^iaia Rtof! a^ia am feaqgii 5?taa faaraaia a^H uqaarcfejfl 
3^ g aRaRTR^imarRTm^aa waia liRRma ammma ^ a afloat 
fareamiaiaqj faiistai im i qctaiaTaqiigia ma^fa f3=rei a saasssisa 
afeai ^fa i 

3$-$$. ^anaf aa?a mafawaiw i ^icagaatwifaraiR i 

sjaasiaiS agaawagifqqjfa ma a sajia f^aa, a?ft ^iaa 

a: ^aia a a aarmgfitgfaffo afaaaaa^ £pa qaaa timwi aa^T- 
3 ai if at: i ^srfagiaraTamgTaTsa qtafeaiia m^amR irmfa itaqsaawwi^a- 
aai araft laai^ai^^T anmiaia tcott feaai %ai: i fafeaaa-s^afam- 
TwnSai: 8^ %v-ai: aa aaaaa^: 3=£ f^R3T^ ^sja^T aaa- 
qrran auiaaaT aaa i aaaaa^ 3 C £. aw a^afag aw^awaraai 
*qj^i aai ita: qfraif =a fia ii a am a^a^aaa?:ai5aiTafaa^: sia- 
*giaia, aaftaafg: taaaaia mzm, aili aafcai, c<* agiaia, a?!i aa- 
aaauaicai <=c ^ri aaiaia, fififeiwra^: ai^Ra^ai^a^aw: S8 
w^iiTaa §T3aaiaR, afjfeaaf|: 30 faa^aR, a^a so«, 

aa agaafaaia £.©, ^aaaaai af|'arai awRarii ^raai 

faafa aaifaaraaR a^w 1 aa ft ^as: airai a^fr «afa 1 aaaw r <awi3- 

'O v >0 VI s» 

aaMa^naiaia ^Rdaia aajaaaia ^asaa^ima alwifaai3aa«i 

vi v v v»v.s,jsa c\ 

aaan ia%aaa aasfaa a aRRuaia ^ajm f^aaaT arcwRia 

\ ^ so so N. V 

a^i aralf f^aai: ^aRm, *m aigT^wa^i^a ^aiRgija- 

3:iTaaaa ait waam ^q Raq^Ria 1 a^i aai tafaa^ffat 

a^Na?ai^ 1 agai feaasffar 3 a , fjfrn 85? aia 1 ^a^aai feaazfcai 



c^og USsgfegTfJrlSKTOSRTrw I 

3 s *: SHffaxiT q&» *q $ JMrt q^sfi H*I- 

gjSTR I 

ini fasnfa = 2 S i 2 « i ?£ i «£ 


«Ssn: = 21 i as i *<u 2 o 


rWT 38, fenfa 

= 

a 

X 40 4- 4 

= 

as i s x 

40 + 3 = S3 l 

S X 

40 4* a = S3 1 

a x 10 + € = 

: a€ 1 

shsjt: 

= 


40 - £ 


aa 1 

40 

- 35 = <15 1 

40 

- 44 = 3 C 1 

10 - 0 = 

aa 1 

farsm festTfsT 

= 

s 

x <to 4- S 4 

= 

B 4 1 

SO 

+ 0 = SO 1 

SO 

Hh S sa SS 1 

90 + ps = 

a 3 1 


ss' 


40 - S 

= 

ac 1 


4B 

1 

S3 1 


ao 1 

^nn fenfa 

sa 

a 

x qo + 5 

= 

as 1 4 x 40 4 c = ^I^xqo + o = SO 1 8 x <10 + g = 

ae 1 

sflsrr: 

= 




SS 1 


<IX>° 1 20' 1 


SS 1 


S4 1 

fsi fenfo 

= 

a 

x qo + 8 

=2 

aa 1 

<1 X 

40 4- £ = 4£ 1 a X 40 4 S = ^S l a X 40 4- 4 = 

aa 1 

tfsn: 

s= 




XJ 4 1 


4S 1 


S3 1 


sc 1 

©r^qt^t 

' = 




SS 1 


ac 1 


Be 1 


ac i 

shsit: 

5= 




33 1 


aa [ 


4 £ 1 


ss \ 

g^fT 5 fT feqfTTST 

= 


S 4 X s 

= 

as i 

so 

x s = ao i 

40 

X S = SO 1 

43 X S = 

aa 1 

sfan: 

= 


an - a 

3= 

3€ I 

ao 

— c = as 1 

so 

+4 = S4 1 

3 a 4- bo = 

sa t 

gfcraSR TS^TTfa 

e= 

4 

x <10 +• c 

= 

qc 1 

ax<*o + 4 =a 4 iax 

40 + a = aa i 

t a x 40 + c = 

ac 1 

?fan: 

=5 




150 1 


4S » 


a 4 1 


3 B 1 

ygfisr fawfa 

as 




ao \ 


Q S 1 


as 1 


as » 

^t: 

= 




ac 1 

i 

44 1 


a 3 1 


aa 1 

waft T 3 ®FTT*r 

53 




150 1 


43 l 


3 C 1 


as 1 

^fan: 

= 




<*c » 

4B 1 


BC 1 


4C 1 

sfto fs^nfar 

3= 


50+1 

= 

1 

so 

4 * S = ss 1 

so 

» -4 a = sa 1 

so -f 4s = 

as 1 

^sn: 

= 




S 3 1 

1 

s 4 l 


so l 


SO 1 

follf* 

33 




sa 1 

) 

S4 1 


SC I 


S 3 1 

^STt: 

= 


40 - SH 

S= 

: SS 

1 40 

— SO = 3 ° 1 

40 

> — SO 3= 30 1 

40 - 4 - 

ac 1 


8 c-yq, ^li^iiT^R^g^iTWW^n^rjflci^wi: 4^i*f?iwr. ragi: 
qi^ff i ^ ^n^Nl fesrei ^rarei xnsT^ppi ^lai^x ^t ^n- 

m I ¥8 - 9S ^ISRT^Ifti: TOScRITro rtcfl^^T ^ H ^ cZimWWi- 

swim; i 

wtoth: i qTWrtsRTmsfmamgmggrcui srenwni: *= 8^0000 
iwron: = q^aogo ^hrarsgwran: = ^siaogo cj^isgm^T nfe ^g^rwrih 
ffsmiPi = q^asaqacoo ci^Tgsiig^^nii: m giq^i^gsRi^: 

= —--—+ v rimiWTsgmm aife 

^STSt*^ fsK WFrTT 33 HT: Tphtrl rl^T ^I^olttWHI^W 

*= c - 3 ( £^Q fe + ) = c^-^3-^g = |_^^ ^TOgT^H- 

clflUgWfFR 3IIrI^%T5^J^T^^q = — - —^ =*4 r ^ 5^T5R; $$> 

SIW q^tnu^lijqiT WcffcT | $cj x*=a cjgwroJT 'snUTFrl 

?ra ^cf^sjs %=i$m wmiTa^ci ^giu^ n*zw ®r^ 



«J5gf?IgTr?fISKTIISKlftn5RT I 


«*<>U 


w<m: i ci?iT =row ’grci sr- 

man wgtaram ^nwriCTn^n^ftrentrat* 

wifaftm 1 °" 

l|S>. ^T^g^ffif^Tl 1 SUTT^vaHh I 

ggiWSErifafsmT III TSTC^m cIUl ^mmgWfmT^TIWTTg^ 8=0 

^1 *n?fi fl^ri irengra zrai^pii mwirrc xit # u# ^iingi f^Wcr 1 

’SH’Sm ^^TnMrm^TrnSfi^^ 8=0 ^T ST^T flTWW^rfWmm 

nt aTJ^TrlT UT Jli^qi ^URW^RTel c^J^T HTW 

u^isstingri^ g wti cm ^ci^WTmtfwrem 

TOiwnfNJwng^Bn^iin^af^ *ra%2 gi^wm i 


wirofa: i sR?tq^ *§ra, sjw*t 3^ i w, i ma, rafrnsr i 



sRTprl$ri 1 W, T^mit *HT3Jsi I Wf> sRTfmiH U?- 
wm i wreen’, iriwi^nw^TmgmJj i vg- 
fgri fefpnilW tRlf^rllrfW I WRT, 

“ www *rc: i ?j*fraewN m- 

HRJJ I W* % wrtwm^ 5 ! TOW fRW* ■q'g, 
wrcareq w?mm*iriF? ciarmzR^T- 

S> tm 

wisiimg cig ww-^ifm^iic?i ?r$- 

unw w^mwict: $ct: viz wTantm^ni «<= 
tmioHSfi *iwi?l ?rt wnirmw *rcw 


m , yT r * _* _* m x wum . , IT „ -0 | . m r > _* w x mmt 

mm m xj^ttorsk m\wn « — — ? z «nw— ■———- 

8 C0 

*m 3W3 a^irRW I grfgjfr XTIWR faf?T5JT2^ rl^T^ll 

cRT ERHW gijiirWi^FlH^ I 3?R XR ZTOT nf^fWTO* 

c^Witj^H flsmlffl ^ smwR I 


yc-go. ^r! mg i vv $n swift i 

2^=i m ?r^hi qRi#ri 512^1 1 1 51^11 1 f?mu: 

1 ^|t 1 f?mu: tr^gru ^ ^wjtut: sfm 

wct 1 =*m ^uai^imi wi^ofrmm 1 ^ wiran: mufui wrami 

\> ' ■ V C\ X> 

^ <• %» sj| 


qs^f«glf^5RTR3|iTf^5fiT I 


H°S 

ensjftifpi i as ta umita sfsrafcqTOiqra aaMR^maTti a5tf£i53f ai- 
W\%] Rrajw^rr^! 5(3 qfo: l 33 313353^5^3 Or33WZliqi5T TOiqJa qnoi 
*ttT3TOi5T wto i S3 at ^Ki^gT^T 3ftt saia3*T3ifii3FiTt*i- 

§531*31153533 SUM §31^ I 

I TOT3T3T *95335131 5 ^*113953 aft f33cai 

qisqfeai: tom sijto 35 t sfiraf^iwafaaifsqiim: Tsr 53*31391^3 
tot: toi: tom: = — i ^ «wn*TiWnwwN^ are- 

»1T i §sn*i i 

5<l-$l|. ^3T3t a33TqSfRJ?T? I TO3335: 331311553115 I 

TOa^UTOT3a^*eiT 3*TWfa?i;amTTO*33: 3^T%^T=^W1 ?3 acfiST- 
|*|* §WTf3^93^q clISWfTOTO^ 3313151 aTOrT fammiT 1%313 335 fi3- 
313 I 03313*31313*3 31 313333*31*33, =333T ^ 3*1, 3T* 

3^T 3^ 3 tl 33951 ^31^9313191^ 3^1*3111 313 553111 3*3 ^ 313J3- 
T35 3513 0*955 95**1 95*313^ 39J3I3 3*13 I 9HI95S3 31333 3*33 I 

\j \ V 4 \ 

f3i3t gsis oaaafa i a: q*ra*q q^q*a 5191a o*3Ttsfq TO3 rigma^i- 

93* 5 fa 3 9TFR 953313 33ri*9139a*:jfa 33313 19*3*35 0T3qT53f3, 331^ 

3*t §3313 q*ff313 9*19951!*% 33.* I 33 35*1**T1%T 9*HT31* SH^ai*! 
3S 3g 31*1319551^9 95*9 S19R3gl59HWnifl35lf3 fanawi ?13 %q: I 
15iat359l^IU59 19*19311 I TO*9ITI5f3 I 
3135TSIlr33T331rq3 033 qft51^at at *193191! §3*9*31 if91*3?tTS9 
t 3K13333p3tl 159333 *91919951: 35131 3919231*1995113951 *1999f3 1 
S3 351 T5twr. 395T9T3 qi*tc9T 3131 331 *9: 311931*351 #1® %j*IT- 
^335Tg3qiqf33331it3T 513 I 

33qqffTO §331 I 9%T 9T5 TO^r31 315155 *T9913*9iT 313: 95539% 
351 9?W3Tg95TM%T *faw*153*rai*193q9l*951ia%l *195 ^^3331^- 

TOTg3f33 I 

$ a - 15131 qfaiqm%a 3115315^3 f99§*39 033 95%T53lf59i9TC I 39999%19 I 

019: qf^31313TS13HlS3 313 3 3J|1I5 (9£99*S9T993 fa%T99§) 3^1- 
531W3qmiiaimK: 353S3: I 3?3qj 39399qi3^E l)t 33: 95%*93f99fal% 

V 5 sj 6 *>4 ^ 

i35l3S[J15riI?3^oaij |% tiS9falg*3f*9§ 9[9: 93933191% 9tisi*9 T3*9I- 

f5331 fa*9n§ 399!99T3TOTf|9ai 99 : 3>95: I 



«J5gfegTf^m5KTr*[Sfif I 


<10$) 


wirofa: i jfsrarraiwo ^ g^mnmcRT^T 

^T ZR 1J5}HaRTC?!I SCO ^ ^JinPr! I Slfe ^OQJJ ^^TO^Rl- 

fcRU*? SI^RT JJ^I^RWRIrSllJi af^^T^lf^RHPfT 
f3RTR JTcU^R I 

$<=-££* s^r| =g KTTI1 I I 

^p^Tg=ra: ef% ^aRraimraw: ^gi 

n^i sreejfmce mf^: qgiw*:> aoe, ^gj^enri^ifenT 

^jjoEtT o^, st^TORf:, ^g^TRiri isrgIT ZF ^IrtT^TSHOT: ijo, ^TTaaig5frR ^8° 

r^I^ci mfrl, ^cfR^T ^JJTg^R ZRU^IR- 
fZ^W tl^felRfi|rJT^TO^RTO^fJ^lf^5fiTR^TOT=flTi^^«Hm^^^t «c^I «HW 
fwinfFPC^i^m: fR*3WRT srefri-^R i 


feim: 

3£ 

<^cq 

<toq 

‘3P 

£Q 

^«o 

US 

$Z& 


TO n3M I TTfqra 

*• *«p *.qu° 

* • ** ** *• ** So 

. * * * * * ** *• SO 

* ♦ ■ * * * * * *• * * Co 

.* •• *10 

* % * • * * * * * * v£>0 

** *♦ • * •. . * VI 

BSO 


^nnffr: i gf^raraiam *Tf%- 

?R 5tT ZtRzniR^TH clTR tdSrlRlfrT I 

s> 

ao—a^- f 3 I^f ^T3[J3TT5^Wl r ! toftrag^TOligr I 

<wsro& ^8$=^ rt^T 

TRW nmv clRRR 3535 RIW *?£ fTOTtTR 

«5fpfl rlrT ^WTSR^KT nr* towutt: I S3T fr%^T§f^n^T **c*m 

^ofw^: gai^ gTaf^iRr: ^r ma: nma^r mb jrw- 
wfc r! r#*isgR^Mt%|^i ^wth *praii 
wtfh gaT<?^T rl^I5gT5^- 

mm rlrj: $ra?rf*lf^<g1^^T «fSfI ^RScRTft Fl^I- 

jp^iiiiPu sj^t hi^i ^n% i 









qsgfogTfR^T^lfSRT I 

-<10 
+ € 

<13 

+ e 

- q 

- € 

i ufsrorai 3 *r -- sft jpksit 5^1 «f^mrcn^i 

a^-as*. l 1 

sn a^ g^nsKsi hot: *ntK$g«w srM iwn * tTTO?* i ^iwn% 
^gftiFi ^fwiiwafer wyi: w*r* ^ 

$ai: gw^fftww^ fsroi: «Rcm ^f^wr sregropiqRa^ jjto^rt 
»5irt ii ^ki^i^i^: g^cfim $*: 1 ^hn ^kt ifa- 

g 5 rcs?rcfen: 1 gmERRR^rR ferial: 

wr^i 3^: m«ngtfa wi: frto: 88, wn:, wcsi s>o 

srnfoi *fg: 58, swfeiwi: <*<>£ *pr^€in w *jraNn« tossrwt 
toi s> 5 , |Ri$fc 80 |trsr ^ ^ *irejTfa: sR^BRRwn: *f=fi ^r^- 
*rcn*j cifnssfi $re?ifai^: ’RgR^ii^iiin^- 

r^t wciR ^jn *re gniJTO^rfim %: 1 

©v 


ferai: 


qs, 

q* 

q«, 

88 

*90, 

SB 

qo* 

q^O 

«> 

*91= 

HO 


qs 

q^a 

a€3 

aso 


BO 

qc 

q£ 

c 

qqB 


fonfa 

qo 

m 

qc 


wrafa: 1 ^rjt s^raram^ —= ^|f5w:i 


trasrgRRT wm\ 1 


a^-ac. fgtff ^iRUlT^RTl I ^PRISFfraiR I 
SlfJTOI 



uf^g rifely 1^3% ^T^^^qqyq- 
rigraH f$*m fist ^?R^r &: 1 *ra fee&- 










TJ»afegTf5r!3Rni5RTftR5T I 




WJ53RII53R aKWJfH fsrazNfosRfawfa ?ffr, i%i 5: sra?: 

mjT^ti wsrfa cirffermfii: q^tria^roznnfN: ^fvoai 

s?oc *g fftfaimiKiK^T sraffi 3^: $?nfarangfm4h^ gi3*rfg$: 

§3: trgi^nrasR: ’stSpt gaifirg^ *if5TTj*5=^f?? qlwimrci qfa: 1 3^: 

qgTg^Tg ! ^nf5c^8'=f^: gaifiwsi ftwfi *f£re*n% wm i 

fnhapOT: qwrqf^WTiri froransN tJgigss- 
8 C rf^T ^IWRffrgrgTS^H Slfa, ^IcJ qF^Wli mi 

tlr^T I 

CV V 


4 

44 

^oq 

He 

qcc 


— € 

- qq 

- <*4 
+ 4 

+ <10 


^cc f^: nferauri *ram Hr* *?cc 

3^^T|ra gfnsRM: 1 


^innifH: 1 q^cqfcrciraiSqr ^aqraptrfasRra: 

Cv C\ XI N> C\ 

^q: 1-^ = yay I P?T|lTc{^clrT: fStSTT qiqfeffl 5JHMT igJTOI l qf^jmai 

faffa gOTnna mnw^i nfa^r^ns^n^M far=WH ^ ^ranmoa^nm^ i 


«£-«*. T?R^2ITf^5FHT¥ I 



I 


s>£ ^T5R*3J immi^ ^igSFI^JT^ q^STO'l HTnwm ^twfSR K- 

unfl 1 ^?mreTOnn§[ asm* n?1: trc 

n^cif^g ?*feR t%w|^ 1 ^1 ^f- 

'grcirarar ijag 1 ^fafsrcgrsreif^: gnin <*s°1 ^ 

■sof%: mnf^T vidf^r ri^ng^fn £*= r*rf^: eo° \ 30 

frora^ rt^i n=rm^ggt^^^T^ri^r:, w^ic: ^Fsrisfct <ir°° w*r:, 

33^1 sjffrr s.c 7ira^cf^n^r£a^T:, ^° 1 ^<k 

50 T 5 % gr^IS^m *TgH 

ae° 1 ^o' gn^i? um i sift: ^51 ^KTOigft: 





^S9ftr|TfjfI5Fm5KTftr5RT I 


fecTHT: 

WJrWSIlsrcrgTfa 

<IC 

qS° 1 Bo' 

€C 

€0 | 50 

<l« 

<131 

<hb 

q^O 

ec 

£<t 

q* 

<IP 1 BO 

<t€ 

qs 1 bo 

aaa 

a so 


*wqqf?r: i ulsiciTfsraimmii sft^t- 

?wrpftHrri§&: <3pm*nmiT m rnsm fffi 1 

ufaroimaqiaftwT mirai xrfnfeq^w: W5*Rrcripft*m?wi qfcranrfim *rt- 

aqif?HT gig EJT5 5^1'qT^rftaT: W?T: raftlft I 



aHTWi ^mrer^mn: i 


ffa jfannmaH^! rlRTOlTOT WHI^T^T Sra^TSgRftlTreil^T ^Tr? fifa I 

-«o>OX> <XO<o«- 


hht narapra^nfo 

WT 3TCITO f ^jjpPT 
*3%TCT cJ^TJJSkl « 

n^ir^nfer vm: m fafaawrasn ram 1 

wg fan fan^^iifrW^naRrasKfi iw m 
tffam gnrarenwfansa fmgirc wIpi 11 

fft %mf5rragm sfanwfdg^n $m ^ftgTfft^rasimlranf iqijn 1 



CHAPTER I. 


Introductory, 


1. Having at tho outset done devout reverence to the various most 
excellent Munis among whom Sitrya and Vasishtha are foremost, and to my 
father and teacher by whom I was instructed in this Sastra, 

2. I shall endeavour to state in its entirety, according to the opinions 
of earlier teachers, that correction of the planetary motions (bija) which is 
most excellent, easy, clear and a wonderful mystery. 

The term bija signifies any correction applied to astronomical elements 
which aims at bringing about an agreement between the celestial phenomena 
such as calculated and such as actually observed. Varaha Mihira seems 
anxious to show that the bija applied by him is not his own invention but 
bases on the authority of former teachers. 

3 . There are the following Siddhfuitas : The Paulina, the Romaka, 
the Vasishtha, the Saura and the Pait&maha. Out of these five the first 
two have been explained by Lafcadeva. 

4. The Siddhanta made by Paulisa is acourate, near to it stands 
the Siddhanta proclaimed b,y Romaka ; more accurate is the S&vitra (Saura) ; 
the two. remaining ones are far from the truth.. 

5. That subject which is the greatest mystery, which perplexes 
the minds of the writers of astronomical works, viz., the eclipses of the sun 
1 am going to explain in this work, dismissing all jealousy* 

6., Moreover, there are contained in this work the (rules for the 
calculation of the) direction, the duration* the period of total obscuration. 
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the hypothenuse, the time of the measures (i. e., bteginning, middle, etc., 
of eclipses); the eclipses or (eventual) non-eclipses of the moon; the 
conjunctions and obscurations of the stars and planets ; the means of finding 
the difference in longitude ; 

7. The prime vertical; the rising of the moon; the construction 
of astronomical instruments; the shadow of the gnomon; other useful 
matters; the sine of terrestrial latitude; the sine of colatitude; the 
declination and other topics, 

8. Deduct the S'aka-year 427 (i. e,, deduct 427 from the number of 
that S'aka-year for which the ahargana is wanted), at the beginning of the 
light half of Chaitra, when the sun has half set in Yayanapura, at the 
beginning of Monday, 

9. Turn (the number of solar years remaining after the deduction 
of 427) into (solar) months, add the months ( i . e., the elapsed lunar months 
of the current year), set the result down in two places ; multiply it (in one 
place) by seven and divide by 228 ; add the resulting adhimasas (to the 
number of solar months obtained above); multiply the sum by thirty; 
add the tithis (i e„ the elapsed tithis of the current month); set the result 
down in two places. 

10, Multiply it (in one place) by eleven, add 514 and divide by 
703; deduct the quotient (from the number of tithis found above). The 
final result is the (savana) ahargana, according to the Romaka Siddhanta, 
So it is also according to the Paulisa which is not much older (?) 

The three preceding stanzas contain a concisely stated rule for the 
calculation of the s&vana ahargana (i. e., the number of civil days which have 
elapsed from a certain epoch up to a given date), according to the Romaka 
Siddh&nta, The general principles of the calculation are those followed in all 
Indian astronomical books and therefore do not stand in need of elucidation. 
The special features of the calculation according to the Romaka are as follows. 
The proportion by means of which the number of the intercalary months 
of the given sum of years is calculated is i. e,, seven months have to be 
added for each period of 228, This proportion results from the principles 
—stated in stanza 15—on which the luni-solar yuga of the Romaka SiddMnta 
is constructed. Nineteen solar years contain 235 lunar synodical months; 
in order to obtain the synodical months of a period of 228 Indian solar 
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months (=19 years) we therefore have to add seven to 228. For the 
purpose of converting the lunar months into savana days the Romaka 
Siddhanta employs the proportion A ; 703 lunar days contain 11 k shay alias 
i. e., omitted lunar days. Since, as we see from stanza 15, the yuga of the 
Romaka comprises altogether 1057500 lunar days out of which 16547 are 
kshayahas, the numerator of the above fraction would, strictly speaking, 
have to be increased by ; but for simplicity’s sake this rather insigni¬ 

ficant fraction is neglected. About the additional quantity 514 (as well as 
other similar quantities involved in the calculations of the Romaka Siddhanta) 
see the introduction.—The beginning of the day is reckoned—-not, in the 
usual Indian fashion, either from midnight or sunrise, but from sunset; and 
not from the meridian of Lanka (or Ujjayini) but from that of Yavanapura, 
i. e., Alexandria. The epoch finally from which the calculations start is the 
first of Chaitra 427 S'aka elapsed, i. e. f 505 A. D. 

11. 12. 13. Three stanzas apparently containing a rule for calculating 
the aliargana according to the Paulina Siddhanta. The details are obscure. 
Compare the Introduction. 

14. According to the Saura (Siddhanta) there are in 180000 years 
66389 intercalary months and 1045095 omitted lunar days. 

15. The luni-solar yuga of the Romaka comprises 2850 years ; (in 
these) there are 1050 adhimasas and 16547 omitted lunar days. 

16. The sum of the months of the years of the yuga constitutes the 
solar measure ; if we add the intercalary months we have the lunar measure ; 
if (from the lunar months multiplied by 30) we deduct the omitted lunar 
days we have the savana measure ; and if we add to the lunar measure the 
years we have the sidereal measure. 


The lunar synodical months plus the revolutions of the sun give 
the lunar sidereal months. 

17, Add 2227 to the ahargana and divide by 2520; divide the re¬ 
mainder by 360 ; the result are the elapsed years, 

18. Add to them the current year, multiply by three and deduct 
four. Divide by seven; the remainder gives the Lord of the year, beginning 
from the sun. 
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19. Divide the ahargaria by thirty, add to the resulting months the 
current month and multiply by two, Dividing by seven, the Lord of the 
month results from the remainder, beginning from the sun, 

20. The Lord of the day is found by dividing the ahargana by seven. 
Multiply the latter by three, deduct one and add the elapsed haras ; multiply* 
ing by five and dividing by seven \ye find the Lord of the hour (hora). 

21. The Lord of the year is eaeh fourth number (in the series of 
planets arranged in the order of the days of the week); the Lord of the 
month each third; the Lord of the hour each sixth; the Lord of the day 
each, immediately following one. 

22. What the (astrological) result of all this, is with regard to the 
year and the month, that I shall explain in the composition of the horlt- 
tantra, etc., after having examined the utterances of the Munis on those 
points. 


Rules for finding the so-called Lords of the year, month, day and hour.—•„ 
The rule for finding the Lord of the year bases, on the assumption of years 
of 360 days ; the Lord of the year so constituted is that planet which rules 
over the first day. In order to facilitate the calculation, the rule directs us 
to divide the whole given ahargapa into periods of 2520 = 7 x 360,days; as 
during each of these periods the yarshapati revolves through the whole series 
of seven, they may be disregarded in the calculation. The kshepa-quantity is 
manifestly added to, the. end that the calculation, may start from the epoch of 
the karana. The days remaining—after the periods of 2520 days have been, 
rejected —are divided by 360 ; to the resulting years one is added for the 
current year, they are multiplied by three because in the series, of the planets 
arranged in the order of the days of the week the Lords, of the years follow 
one another at intervals of three, and finally four are deducted (which is the 
same as adding three-) in order to. enable us, to count the varshapatis from 
the sun, instead of Budha who is the Lord of the. year of the epoch. We 
finally divide by seven when the remainder shows the varshapati of the current 
year.—Tire Lord of the month is found in an analogous manner. The result¬ 
ing number of months of thirty days each is multiplied by two because the 
Lords of the months follow one another at intervals of two places.—The 
Lord of the day is found by a simple division of the ahargaija by seven.—The 
formula for the elapsed Lords of the hours would be ; Lord of the day 
+ 5 (elapsed hours —l)—for the Lord of the first hour is the Lord of the 
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day and the Lords of the hours succeed one another at intervals of five— ; 
but, in order, apparently, to render the above expression more homogeneous, 
14 x Lord of the day (which as being a multiple of seven does not change the 
final result) is added and we thus have 5 (3 x Lord of the day — 1 + elapsed 
hours). This latter expression being divided by seven, the remainder indicates 
the Lord of the hour. 

23. Increase the ahargana by one and divide by 365 ; divide (the 
remainder) by 30; the quotient represents months and the remainder is to be 
considered as belonging to the Lords of the degrees of the signs. 

24. (These Lords are as follows): Brahman, Prajapati, Indra, S'iva, 
Chandra, M&nya (?), Visas (?), Lakshmi, Agni, Yama, Surya, Chandra, 
Indra, Go, Nirriti. 

25. Hara, Bhava, Guha, the Fathers, Varuna, Baladeva, Vavu, 
Yama, Vach, S'ri, Kuvera, the Mountains, Bhumi, Brahman, the highest 
Person (Vishnu). 

A rule, as it appears, for finding the Lords of the current degree 
which is roughly identified with the current day, years of 365 days being 
identified with total revolutions and months of 30 days with signs. Several 
of the names of the Lords of the degrees are doubtful; some others—as will 
appear from an inspection of the traditional text—had to be supplied in order 
to complete the required number, viz., thirty. We have not met in any other 
work with a similar enumeration of the Lords of degrees. The subject is of 
course one of altogether subordinate interest. 



CHAPTER II. 


Determination of Nakshatras, Etc. 


1. A stanza of obscure import. 

2. Add to the ahargapa 1936 and divide by 3031 ; the quotient are 
the ghanas. Multiply the remainder by nine and divide by 248 ; the 
quotient are the gads and the remainder is the pada. 

3. Divide the ghanas by 16 ; multiply the remainder separately by 
three, divide by four and deduct the result taken as signs, etc., from the simple 
remainder taken as revolutions; add the ghanas multiplied by 2 and divided 
by 2971, taken as signs and so on. 

4. One hundred and eighty five multiplied by the gatis and lessened 
by the tenth part of the gatis are the minutes. In case of the number of 
the pada being 124, half a gati is to be added (to the gatis) and the same 
amount is to be deducted from the pada. 

5. For each half gati six signs are to be added together with four 
lipt-as and degrees equal in number to the remaining pada. According to the 
latter the result has to be added either as a positive or a negative quantity. 

6. Deduct one from the pada and multiply by five, add 1094 and 
deduct from 2414 ; multiply the remainder by the pada and ditide by sixty 
three; the resulting minutes (?) . 

Of the above stanzas we have succeeded in making out the 
sense in part only. They manifestly teach how to find the mean, and 
perhaps also the true, positions of the moon by means of a process more 
compendious than the one usually employed in Indian astronomy. What 
preliminary operation is prescribed in stanza 1, we are altogether unable 
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to say. Stanza 2 directs us to add a kshepa quantity of 1936 to the 
ahargana and thereupon to divide the latter into periods of 3031 days each 
which are called ghana. The remainder is to be multiplied by 9 and divided 
by 248, i. e., it is to be divided into periods of days each which are called 
gati. The remainder of the last division is called pada. The whole given 
ahargana is thus subdivided into a certain number of ghanas plus a certain 
number of gatis plus a pada. The rationale of this subdivision is, that the 
period of -f- days very nearly represents one anomalistic month, while the 
ghana period of 3031 days is nearly equal to one hundred and ten such months. 
Hence in any integral number of ghanas and gatis the moon returns to her 
apogee (from which the calculation must be supposed to start) and thus no 
equation of the centre need be applied to it. The latter in fact depends solely 
on the remainder which is here called pada. 


While the division of the ahargana into ghanas and gatis furnishes 
us at once, without any further calculation being required, with information 
as to the position of the moon with regard to her apogee, special calculations 
have to be performed to the end of finding her mean place. We have at first 
to ascertain how many revolutions the moon performs in one ghana. As 
we are so far ignorant of the moon’s mean motion according to that SiddMnta 
whose teaching the text hero summarizes, we employ the rate of motion as 
determined by the Sfirya SiddMnta, when we find that the moon’s motion in 3031 
days amounts to 110 ” 11 ’ T 31' 23’. [Rejecting the whole revolutions we 
might express the above as one revolution minus three quarters of a sign 

plus about JL of a sign. Instead of the last fraction the text employs A._ 

The quantity representing the moon’s motion during one ghana (1 " ,v — ~ 4 -) 
has now to be multiplied by the number of ghanas contained within the given 
ahargana. The resulting expression stands as follows (g = ghana) 


S 


, 2c;» 

" 4 " _l " 2 )77 i 


(I) 


In order to get rid of the entire revolutions which are not needed, 
the number indicating the ghanas is divided by 16 so that instead of g we 
obtain 16 h + r (r = remainder). The expression (I) then assumes the 
following form 

(16 li + r)— ( 4 — tJLi')” _|_ vl' 


(if we allow g to remain in the third term). 
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Rearranging the terms we get 


16 la te ' : + r rcv — 12 ll s - ?£ + f 9 f^ 

Remembering now that 12 h s = h rOT and that entire revolutions may 
be rejected, we finally obtain 

r rcv - 3 ^" + ^) which agrees with the contents of stanza 3. 

Calculating in the same way the mean motion of the moon during 
a gati (= — days) we find 

1 rev + (185 — 4) ml ”. Multiplying this expression by the number of gatis 
contained in the ahargana and rejecting entire revolutions, we obtain 

(185 gati-ffi|- i ) mln , which agrees with the former part of stanza 4. 

After having thus found the place of the moon at th,e end of the 
entire ghanas and gatis contained in the ahargana, it remains to calculate 
how far she has advanced, in the remaining fraction of a gati which the text 
calls pada. This remainder presents itself in the form of ninths of days 
which may vary from 1 up to 247 (248 ninths being a full gati). The text 
now directs us to. deduct 124 whenever the pada number exceeds 124, and 
in that case to add half a gati to the whole gatis found above. The reason 
for this is apparent; during -Jjji days = half a gati the moon advances from 
her apogee to the perigee where the equation of the centre again is ; equal 
to zero, and any calculation of' the moon’s true place may with advantage 
start from the last place at which the equation had been equal tO' zero. Only 
it is in that case not apparent why stanza 5 directs us to add, for that half 
gati, six signs plus four minutes to the moon’s mean place ; for the moon’s 
mean motion in one half gati amounts to considerably more,, viz., six signs plus 
about ninety-two minutes. Nor are we at present able to throw light upon 
the meaning of the processes prescribed in stanza 6. They possibly refer to 
the operation of finding the moon’s true place, although we are more inclined 
to think that this latter point is treated in stanzas 4—9 of' the next chapter. 
But as those stanzas themselves have, on the whole, remained obscure to us, 
no definite conclusion can for the present be arrived at.—Some further 
remarks on the point under discussion are to be found in the Introduction to 
this work. 
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7. The fourth part of the moon’s longitude multiplied by nine gives 
the nakshatra in which the moon is at the time ; the degrees are muhhrtas.— 
Half the difference in longitude between sun and moon multiplied by live 
gives the tithi which is explained in the same way, (viz., with regard to the 
muhurta answering to the degrees). 

The above stanza teaches how to find from the longitude of the moon 
the nakshatra in which she is at the time, and the tithi.—Tor the former 
purpose we have merely to remember that, as 12 signs are equal to 27 naksha- 
tras, 1 sign is equal to ® nakshatras. Divide therefore the signs of the 
moon’s longitude by 4 and multiply by 9. And as the moon remains, accor¬ 
ding to mean measure, 30 muhurtas in one nakshatra, the degrees of the 
moon’s longitude divided by 4 and multiplied by 9 give the muhurtas of the 
current nakshatra.—For the latter purpose we keep in mind that one tithi 
has elapsed when the difference of the moon’s and the sun’s longitude amounts 
to 12 degrees. Each sign of difference therefore answers to 2^=g- tithis, 
and each degree to 2 x;io titliis = £ muhdrtas. 

8. At the beginning of Capricorn the solar day ({. e., here, the 
:s&vana day) is measured by 1591 palas to which three palas have to be added for 
each day; in the six signs beginning with Cancer three aggregates of three 
(added daily) give the measure of the night. 


A very rough rule for calculating the length of the day and the night 
at any time of the year. The shortest day, at Avanti, is supposed to have the 
length of 1591 palas = 26 nadikas 31 palas. In the period intervening be¬ 
tween the shortest and the longest day the days are supposed to grow 
by regular increments of three palas and again to decrease by the same 
amount in the other half of the year. The measure of the days in the one 
period furnishes at the same time the measure of the nights in the other 
period. 


9. In the six signs beginning with Cancer multiply what the sun has 
passed through (i. e., the sun’s longitude in signs) by two ; the result is the 
length of the shadow at noon; in the six signs beginning with Capricorn 
{multiply in the same way and) deduct the result from twelve. 

10. Take half of the midday shadow (of any given day) and (treat¬ 
ing it as signs) add three signs; this gives the longitude of the sun, during 
his southern progress. During his northern progress deduct half of the 
midday shadow from fifteen. 
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Two very rough rules for finding the length of the gnomon’s shadow 
from the sun’s mean longitude, and vice versd the latter from the former.— 
The latitude of Avanti being supposed equal to the inclination of the ecliptic, 
the gnomon throws no shadow on the noon of the day on which the sun enters 
Cancer. The supposition then is that, when the sun has passed through Can¬ 
cer and is at the first point of Leo, the shadow has reached the length of 
two ahgulis, and that each further sign adds two more ahgulis until the sun has 
reached the first point of Capricorn when the shadow will be 12 ahgulis long. 
Each further sign then takes away two ahgulis until the shadow will again 
have become zero at the moment when the sun again enters Cancer.—In order 
to find, by the reverse process, the longitude of the sun from the shadow, we, 
on any day during the sun’s southern progress, divide the. midday shadow by 
two and add three to the quotient, because at the moment when the sun 
enters on his southern progress his longitude already amounts to 3 signs. 

During the six signs of the sun’s northern progress the midday shadow 
is equal to twelve minus double the number of the signs passed through ; 
therefore 2 multiplied by the signs passed through =12 — shadow; therefore signs 
= 6 — ^—• But as at the beginning of the northern progress the sun’s longitude 
already amounted to 9 signs, we have to add 9 to the 6 of the above formula 
and we therefore have in conclusion : Sun’s longitude in signs =15 — —All. 

11. Divide 3G by the sum of twelve and of the given shadow minus 
the midday shadow, and add the longitude of the sun; the result is the 
lagna, i. e., the ecliptic point on the eastern horizon. If the lagna is required 
for any time in the afternoon the result is to be deducted from six signs, and 
the remainder to be added to the sun’s longitude. 

12. (In order to calculate the shadow from the given lagna) deduct 
the longitude of the sun from the lagna; the resulting minutes are to be 
used as the divisor of 64800. Thus in the eastern hemisphere ; in the western 
hemisphere those minutes have (before being used as divisor) to be deducted 
from the minutes of six signs. 

13. From the result (in both cases,) 12 has to be deducted and the 
midday shadow has to be added ; this is the calculation of the shadow ac¬ 
cording to the concise Vasishtha Siddhanta. 

The above three stanzas contain rough rules, 1. for the calculation of 
the lagna (i. e., that point of the ecliptic which at a given moment is on the 
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eastern horizon) from the given shadow of the gnomon and 2. for the reverse 
calculation of the shadow from the lagna supposed to be known.—At the 
time when the sun is on the meridian, the shadow is equal to the midday- 
shadow (known from stanza 9), and the interval between the sun and the 
ecliptic point on the horizon is then assumed to amount to three signs (of 
course an inaccurate assumption). The following proportion is now established : 
When the difference of the given shadow and the midday shadow amounts 
to zero, the longitude of the lagna amounts to the longitude of the sun plus 
three signs ; to how much will it amount when the difference of the given 
shadow (whether in the forenoon or afternoon) and the midday shadow 
amounts to so and so much. In order to establish a workable proportion (for 
so far we only have a proportion one of whose members is zero) twelve is 
added to the first and to the third member of the proportion, so that it 
assumes the following form : When the difference of the given shadow and the 
midday shadow amounts to 12, the lagna amounts to longitude of sun plus 
three signs ; to how much will the lagna amount when the difference of the 
given shadow and the midday shadow amounts to so and so much plus 12. 
Considering that the greater the difference between the given shadow and 
the midday shadow is (i. e., the nearer the sun is to the eastern horizon), the 
lesser the interval between sun and lagna will be ; the formula for that inter¬ 
val assumes the form stated in stanza 11: 

j _ n x 3 _ 

12 + giv. shad.—mid. shad. 

Adding to this the longitude of the sun we have the longitude of the 
lagna, for any time between sunrise and noon.—For any time in the after¬ 
noon the above formula gives, not the interval between the sun and the 
eastern ecliptic point, but the interval between the sun and the ecliptic point 
•on the western horizon ; the result has therefore to be deducted from 6 signs 
whereby it is transformed into the interval between the sun and the eastern 
ecliptic point. 

Stanzas 12 and 13 contain the rule for finding the length of the shadow 
from the given lagna ; it is simply the reverse of the preceding rule. Instead 
of signs the calculation is however carried on with minutes, so that the- 
above formula for the interval between sun and lagna assumes the following 
form : 

j_1 2x3x1800 __ _ 64800 

X 12 +shad.— mid. shad. 12 +shad. —mid. shad. 

From this we easily derive : 

Shad. =1——12+mid. shad. 



CHAPTER III 


Paulina Siddhanta. 


I. Multiply the ahargana by 120, deduct 33 and divide by 43831; 
the result is the mean longitude of the sun in due order ( i. e., in revolutions, 
signs, etc-). Add twenty degrees to the sun’s mean anomaly; 

2—3. Corresponding to the signs of the anomaly we have the 
following (aggregates of) minutes which have to be deducted or added (from 
tiie sun’s mean longitude); viz. 

II , 48, 69, 69, 54, 25; 

•and again : 

10, 48, 70, 71, 54, 25. 


Through them the mean longitude of the sun is turned into the true 
longitude. 

The above three stanzas contain rules for finding the mean and 
true longitudes of the sun. — The former rule is simple (if we abstract from 
the kshepa-quantity — 33) and bases on the assumption of a sidereal year com¬ 
prising 36 5 4 6 11 12 m .—The method, on the other hand, for ascertaining the 
true place of the sun is very obscurely stated. It however appears that it 
has to be understood as follows. 

In order to ascertain the sun’s true place the kendra, i. e., the mean 
anomaly has to be found first; how to do this the text however fails to teach 

us. 


The kendra once being found we are directed to increase it by twenty 
degrees; the reason of which appears from what follows. That the quantities 
stated in stanzas 2 and 3 represent different equations of the centre, there can 
lie no doubt; for it is said at the end of stanza 3 that through them the mean 
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sun is rendered, true. There are two series, each containing six such quan¬ 
tities ; but as stanza 2 says that those quantities correspond to signs of 
anomaly, we must conclude that only six different equations are intended to. 
be stated, and that hence the corresponding terms of the two series have 
to be added to each other. On doing this we obtain the following series of 
equations 

21', 96', 139', 1.40', 108', 50'; 

and a nearer investigation leaves hardly any doubt that these values 
represent the sun’s equations of the centre for the mean anomalies of 10°, 40°, 
70°, 100°, 130°, 1G0°. According to the modern Shrya SiddMnta the equa¬ 
tions of the centre for the mentioned anomalies would amount to 

24', 90', 132', 138', 107', 48'; 

a series not very widely differing from the one given above. 

It now appears that the direction given above to add 20° to each- 
anomaly aims at enabling the writer to state his equations of the centres—^ 
nominally at least—for entire signs of anomaly ; for 10°+ 20°=30° = one sign ; 
40° + 20° = 00°=. two signs and so on. 

Another question is why the author prefers to state the equations 
of the centre for 10°, 40° etc. of anomaly, instead of giving, from the 
outset, the equations for 30°, 60° and so on. 

The reason probably is that he originally intended to state the 
equations of the eeutre for whole signs reckoned not from the apogee of 
the sun, but from tire beginning of the sphere, i. e., the first point of Aries. 
For stating the sun’s equations of the centre for 10° 40° etc. of anomaly 
is the same as stating them for 90° 120.° etc. reckoned from the beginning of 
the sphere, if only the longitude of the apogee amounts to 80°. But it is 
well known that the different Siddhantas teach the longitude of the apogee 
to amount to so much or about so much. 

4 —9. Six stanzas referring to the moon and most probably teaching 
how to find her true position. The details however are obscure. Compare 
the Introduction. 

10 —ii. Twenty, sixteen and a half, seven minus one quarter' 
multiplied by the equinoctial shadow (of a given place) and taken in direct 
as well as in reverse order give the vinadikas of ascensional difference.. 
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Beginning from the day of the (vernal) equinox there takes place an increase 
of the length of the day, which is to be determined for the three signs 
beginning with Aries by means of the quantities ( khanda ) (determined above) 
being added, while they are to be subtracted from each other successively 
for the three signs beginning with Cancer ; a decrease (to be determined in an 
analogous way) takes place in the six signs beginning with Libra. 

12 . This method of finding the vin&dik&s of ascensional difference 
furnishes accurate results for the country lying between the ocean and the 
Himalaya mountains; how accurate results are to be found for other localities 
I shall explain in the ehedyaka-chapter. 

A rough rule for finding the length of the day during the different 
seasons of the year in a given latitude.—The author at first—by a method 
whose details are not given—calculates the vinMik&s of ascensional difference 
for the first three signs for those places where the equinoctial shadow is equal 
to one, and doubles the results so as to have ready the quantities which in 
each given case have to be added to the length of the equinoctial day. He 
thereupon directs us simply to multiply the doubled results by the given 
equinoctial shadow in order to find the ascensional difference for any given 
latitude. The further steps of the process are the customary ones and are 
moreover detailed in the Sanskrit Commentary. 

13. The nadikas arising from the difference in longitude from Yavana 
(i. e., Yavanapura) are seven and a third in Avanti, nine in Varanasi (Benares). 
I will now explain the calculation (of the difference in longitude) with regard 
to other places. 

14. From the sum of yojanas multiplied by nine, divided by eighty, 
and then squared, subtract the square of the difference of the two latitudes ; 
the square root (of the remainder) divided by six gives the desired nadik&s. 

The above two stanzas teach how the longitude of any given place is 
to be calculated. Stanza 13 states the distance in longitude of Ujjayini and 
Be na res from Yavana (pura) i. e., undoubtedly, Alexandria. Stanza 14 teaches 
how the distance in longitude of any given place from a given meridian may 
be calculated. Let the Meridian be that of Ujjayini and let the distance in 
yojanas of the given place from Ujjayini be known. The first task is to express 
this distance in degrees. The equatorial circumference of the earth being 
assumed to amount to 3200 yojanas, we have the simple proportion— 
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3200 yoj. : 360° = given yoj. : x 

* w — 3G0x given yoj-9 x given yoj. 

* * 3200 80 ~ 

We then take the right angled spherical triangle which has the dis¬ 
tance of Ujjayini and the given place for its hypothenuse, and for its two sides, 
1 . that part of the parallel of latitude of the given place which lies between that 
place and the prime meridian and 2. that part of the prime meridian which lies 
between Ujjayini and the mentioned circle of latitude. The latter side is 
known, for it is equal to the difference of latitude of Ujjayini and the given 
place. The triangle is now treated as a plane one, and from the hypothenuse 
and the given side the third side—which represents the desired distance in 
longitude—is deduced. The result which comes out in degrees is turned into 
nadikas by being divided by six. 

15. Half the midikas of ascensional difference have to be subtracted 
from the nadikas of difference of longitude in the northern hemisphere, and in 
the southern hemisphere they have to be added ; reject the remaining ascen¬ 
sional difference. 


16. One nakshatra comprises eight hundred minutes of arc. The 
tithi is to be calculated from (the longitude of) the moon lessened by (the 
longitude of) the sun, by means of twelve degrees (being used as the divisor). 
The time (past and to come of the moon’s conjunction with a nakshatra) is to- 
be calculated by a proportion founded on the motion (of the moon); the time 
of the current tithi is to be found from a proportion founded upon the differ¬ 
ence of motion of sun and moon. 

1 7. The (daily) motion of the sun amounts to sixty (minutes) minus, 
three, three, three, three, two, one; plus one, one, one, one; minus nought, 
one, in turn. 

A rough statement of the daily amount of motion of the sun during 
the twelve months of the year beginning with Chaitra. The amounts stand 
as follows: 

57', 57', 57', 57', 58', 59'; 

61', 61', 61', 61', 60', 59'. 


18. In the light half of the month six degrees have to be subtracted 
and in the dark half as many have to be added; the minutes of the longitudes 
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of the moon lessened by the longitude of the sun have to be divided by 360 ; 
the result is the karana. The remaining operations are to he performed as in 
the case of the tithi. 

19. The fixed karanas begin from the middle of the fourteenth tithi 
of the dark half; they are called S’akuni, Chatushpada, Niga and Khmstughna, 
The other karanas are moveable.. (All) karanas occupy half (of a tithi). 

The above two stanzas teach how to calculate the karanas, i. <?., half 
lunar days. Four of the sixty karanas of the month—whose names are given 
in the text—are fixed, i. e., the four names are bound to the second half of the 
fourteenth tithi of the dark half, to the two halves of the fifteenth of the 
same half and to the first half of the first tithi of the light half. The other 
karanas are chara, moveable, i. e., they recur, eight times each, at different 
places of the lunar month.—In order to find the current karana, we divide the 
difference in longitude of sun and moon by 360, i, e., the number of minutes 
of arc constituting one karanta; the quotient then indicates the number of the 
elapsed karanas. In order however that the counting of the karanas may 
uniformly begin from Bava the first moveable karaija, we, before division, 
deduct from the difference of longitude six degrees in the ease of the light 
half of the month and add six degrees to it in the case of the dark half. 
Compare the table of the karanas given in Burgess-Whitney’s Surya 
SiddMnta, p, 287.—The calculation of the elapsed nadikas of the karana is 
analogous to that of the tithis, 

20 . When the sum of the longitudes of' the sun and the moon plus ten 
nakshatras amounts to six signs, it is called Vaidhrita; when it amounts to a 
complete circle it is called Vyatipilta; the time (of those conjunctures) is to he 
ascertained by means of the degrees passed through by the sun and the moon. 

21. When the return of the sup towards the south (i. e,, the 
summer solstice) took place from the middle of Alesha, then the ayana 
was right; at the present time the ayana begins from Punarvasu, 

22 . When the degrees of the ayana are in the opposite direction (i, <>., 
when the precession is retrograde), and the quantity to b.e added to the 
longitudes of sun and mqon amounts to (as much as) the degrees of the sun’s 
greatest declination (i. e., when the degree^ of precession amount to 24); 
then the Vyaiip&ta takes place when the sum of the longitudes of sun and 
moon amounts to half a circle. 
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The Vyatipata—aspect takes place when the sum of the longitudes 
of sun and moon amounts to 180°; the vaidhriti-aspect when it amounts 
to 360°. This definition, without any qualification, applies to the time of 
the Siddlutntas when there was no precession, or when—as stanza 22 
expresses it—the ayana had retrograded 24 degrees from the point which 
it formerly occupied, viz., the middle of Aslesha. At the time however 
when the solstice occurred at this latter point, there were 24°—or more 
strictly—23° 20' precession (reckoned from the beginning of nirayana mesha) 
and hence, in order to express the condition of Vaidhrita and Vyatipata 
we should have to say : Vaidhrita occurs when 

longit. sun — 23° 20' +longit. moon —23° 20'= 12” ; 

and Vyatipata when 

longit. sun — 23° 20' + longit. moon — 23° 20' = 6”. 

Rearranging the terms of these two equations of condition we have 

longit. sun + longit. moon = 12" + 46° 40' 

and 

longit. sun + longit. moon=6’ +46° 40'. 

Substituting nakshatras for signs, the right side of the former equa¬ 
tion = 3,J nakshatras (the whole revolution being rejected) ; and the right side 
of the latter equation = 17 naksh. Now we may write for the former equation 

longit. sun + longit. moon +10 naksh. = 3|- naksh.+ 10 naksh. = 6‘ ; 

and for the latter one 

longit. sun + longit. moon +10 naksh. = 17 naksh. + 10 naksh. = 12’. 

Thereby the rule given in stanza 20 explains itself. When that rule 
applied, then the ayana was right, i. c., agreed with the rule given in stanza 
20 for the determination of Vaidhrita and Vyatipata. 

23. The equinox (vishuvat) occurs at the beginning of Aries and 
Libra; the Shadesitimukha within the degrees of that sign which precedes 
Libra (i. e. Virgo); those (degrees or) solar (days) which remain from the 
Shadafiitimukhas are the days of the fathers. 

24. The Shadasfitimukha is placed at the fourteenth degree of Virgo, 
the eighteenth degree of Gemini, the twenty-second degree of Pisces and the 
twenty-sixth degree of Sagittarius. 
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The Shadasitimukhas are divisions of the ecliptic into ares of 86°, begin¬ 
ning from the first point of Libra.—The sixteen degrees or solar days remain¬ 
ing between the fourth shadasitimukha and the first point of Libra are said 
to belong to the fathers, because whatever is given in them to the fathers is 
imperishable (Sfi. Si. XIV. 6). 

25. The northern progress of the sun begins from the first point of 
Capricorn, so also the solar seasons beginning with S'isira. Each season ex¬ 
tends in time over two signs. The southern progress of the sun begins from 
Cancer. 

26. The minutes of (the diameter of) the sun’s dise, multiplied by sixty 
and divided by the sun’s daily motion, give the number of nadikas which 
constitute the holy time on the occasion of the sun entering a new sign; 
half before (the sun’s actual entrance) and half afterwards. 

The sarakr&nti actually takes place at the moment when the sun’s 
centre enters the new sign; but the whole time from the entrance of the 
sun’s eastern limb to the entrance of the western limb is considered holy. 
The proportion employed for the calculation of the length of that time 
is easily intelligible, 

27. When the sun rises touching the end of a tithi and another day, 
the conjunction is the one, * which touches three days’; while in the case of one 
day touching three tithis (we have the conjunction touching three tithis). 

An explanation of two terms connected with tithivriddhi and 
tithihr&sa. The former term refers to the ease of a tithi beginning before the 
sunrise of a certain day and terminating after sunrise on the next day, so that 
it ‘ touches’ three savana days. The latter term applies to the opposite case of 
one s&vaua day touching three tithis, 

.28- Multiply the ahargapa by 8 and divide by 151the quotient 
indicates the degrees of Rahu (i. e., the moon’s node), to which as many 
minutes have to be added .as there are complete revolutions. 

The above rule for calculating the place of the moon’s node bases on 
the assumption that the node moves very nearly eight degrees in 151 days, 
whence it would follow that it performs a complete revolution in 6795 days. 
We are however told that for each full revolution performed within the 
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period’ of tke ahargana one minute has to be added to the place resulting 
from the rough process. Taking this correction into account we find that the 
accurate period of one revolution of the node is 6794 d 16 h 27' 29". 

29. [A stanza stating a certain correction to be applied to the place of 
the moon’s node as found according to the rule given in stanza 28. Apparently 
twenty-five minutes have te be deducted from that place. We do not know 
what is meant by the ‘ vrischika-bhagah’ of Rfihu.] 

30. When the moon is more advanced in longitude than the head of 
Rahu and less advanced than its tail, she moves to the north of the ecliptic ; 
when she is less advanced than the head and more advanced than the tail, she 
moves to the south of the asura, i. e., Rahu. 

3 L The moon is ninety degrees distant from Rahu when her latitude 
is at its maximum, (and the latitude then amounts to) 270 minutes; (the 
latitude) for other places is to be found by proportion. 

32—37. [Six stanzas of obscure import. A few lines indeed lend 
themselves to translation and a few emendations are obvious ; but we are un¬ 
able to elicit from the text a connected meaning.] 



CHAPTER IV. 


1. The square root of the tenth part of the square of the circum¬ 
ference—which comprises 360 parts—is the diameter. Having assumed the 
four parts of the circle ( i. e. having divided it into four parts) the sine of the 
eighth part of a sign (i. e. of 225 / ) (has to be ascertained). 

2. Take the square of the Radius and call it the ' constant’ (dhruva); 
the fourth part of it is (the square) of Aries (i e. of the sine of one sign.) 
The 'constant’ square is to be lessened by the square of Aries (i. e. one sign). 
The square roots of the two quantities (i. e. the square of Aries and the 
‘constant’ lessened by the square of Aries) are the sines (viz. of 30° and 60° 
respectively). 

3. In order to find the remaining desired (sines), take the double of 
the are (whose sine you wish to find), deduct it from the quarter (of the circle),, 
diminish the Radius by the sine of the remainder, and add to the square of 
half of that (viz. the Radius so diminished) the square of half the sine of 
double (the original) arc. 

4. The square root of that sum is the desired sine. The 'constant 7 
square lessened by that sum (is the square) of the remaining quantity (i, e. of 
the cosine of the given are). Half of the ‘constant’ square is called (the 
square of) one and a half (viz. signs i . e. 45°).—Another method also is taught 
here. 


5. Lessen the Radius by the sine of three signs (L e. Radius) from 
which (three signs) double the required are has been previously deducted, and 
multiply the remainder by sixty ; the result is the square (of the desired sine). 
By deducting that square from the square of the Radius you obtain the 
square of the cosine. 

The above four stanzas teach how to calculate the sines' generally 
employed in Indian astronomy.—The formula expressing the relation of the 
diameter to the circumference is the usual one.—The sine of 30° is half of 
the chord of 60° which is equal to Radius ; the sine of 60° is found by taking 
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the square root of the difference of R 2 and the square of sine 60°._The 

method by which the other sines required are found will he understood with 

L a the help of figure 1. Of the arc the sine of which is 

required—let us say ab—double is taken = ac. The 
sine of this double arc = cf and the sine of the 
complementary are (cd) = ef. By deducting ef from 
the Radius we get af and by drawing from h (i. e,, 
the point marking the centre of the chord ac) the 
line hg parallel to cf we halve the line af and thus 
obtain the value of ag. The line hg again is half 
of cf, and ah i. e,, the desired sine = v/bg 2 + ag 2 .— 
The sines of 60° and 30° being given, the above method can of course be 
employed for finding the sine of 15° and so on.—The cosine of the given 
arc—Stanza 4 goes on to say—is found by deducting the square of the sine 
from the square of the Radius and taking the square root of the remainder. 
The sine of 45° is equal to v/|i 2 (the square of the chord of 90° being 2R 2 and 
consequently the square of half that chord i, e,, the sine of 45° being equal 



The so-called different method described in stanza 5 is not essentially 
different from the method described before. We are directed to multiply the 
difference of the Radius and the sine of the complement of twice the given 
arc by 60, the product being equal to the square of the desired sine, Now 
in the above diagram 


ah 2 = hg 2 + ag 2 . 

Now ag 2 = ('a) 2 —"T" an( j 

!■„!_ f cf V— cf 2 _ ce s -eP 
u & — V 2 ) 4 ~~ 4 ' 


■ C fr _^ e *^ af ) 2 
: - ^ ; 


2 ae x af — af 3 


Adding the expressions thus found for ag 2 and hg 2 we obtain 

^2 af 2 , 2ae X af —af 2 aexaf 

‘ 4 * 5 ~~ 


60 af (ae=R = 120). 

6 , The sines in Aries are 7; 15; 20 + 3 = 23 ; 20+11 = 31; 20 + lg 
= 38; 45; 50 + 3 = 53; 60 minutes; 
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7. (To which have to be added in succession) 51; 40; 25 ; 4; 34 
56 ; 5 ; 0 (seconds). 

8. The sines in Taurus are 6;13 ; 19; 24 ; 30 ; 3.5 ; 39 ; 43 minutes. 

9. The seconds in Taurus are 40 ; 3 ; 7 ; 51 ; 13 ; 13 ; 46 ; 56. 

10. The sines from the end of the second sign (i. e. the sines in the 

third sign, Gemini) are, in minutes, 3; 6; 9; 12; 13; 15; 15; 16. 

11. The seconds are 42 ; 57 ; 42 ; 0 ; 47 4; 49 ; 5. 

Stanzas 6—11 contain the table of sines calculated for the Radius 
120. As generally in Indian astronomy, the arcs for which the sines are 
calculated progress by 3° 45', so that twenty-four sines have to be computed 
for the quadrant, each sign containing eight sines. By the minutes of the 
text we have to understand one hundred and twentieths of the Radius, by 
the seconds sixtieth parts of those- minutes. The amounts stated for the 
sines of Taurus have to be added to the last sine of Aries; so likewise the 
amounts stated for Gemini to the last sine of Taurus. 

The complete table of sines stands as follows :—• 


No. 

Arcs. 

Sines. 

No. 

Arcs.. 

Sines. 

1 . 

3° 45' 

7' 51" 

13. 

48° 45' 

90' 13" 

2. 

7° 30' 

15' 40" 

14. 

52’ 30' 

95' 13" 

3. 

11° 15' 

23' 25" 

15. 

56° 15' 

99' 46" 

4. 

15° 

31' 4" 

16. 

60° 

10 3' 56" ■ 

5. 

18° 45' 

38' 34" 

17. 

63° 45' 

107' 38" 

6 . 

22° 30' 

45' 56" 

18. 

O 

o 

110' 53" 

7. 

26° 15' 

53' 5" 

19. 

71° 15' 

IIS' 38" 

8. 

30° 

60' 

20 . 

75° 

115' 56" 

9. 

33° 45' 

66 ' 40" 

21 . 

78° 45' 

117' 43" 

10. 

37° 30' 

73' 3" 

22 . 

82° 30' 

119' 

11. 

41° 15' 

79' 7" 

23. 

86 ° 15' 

119' 45" 

12 . 

45° 

84' 51" 

24. 

90° 

120 ' 1" 

12 . 

In Aries the minutes are 1 

7 , in the last sine 6; in 

Taurus they 

6 ; 6 ; 5 

; 5 ; 5 ; 4 ; 

4 ; in Gemini they are 3 ; 

3 ; 2; 2; 1 

; 1; 0 ; 0. 
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13. In Aries the seconds are 51; 49 ; 45 ; 39 ; 30 ; 22 ; 9. 

14. 

15. In Gemini they are 42; 15; 45; 18; 47; 17; 45; 16. 

Stanzas 12—15 state the differences of the tabular' sines. There is 
manifestly a lacuna after the first part of 13 extending over the end of 
13 and the former part of 14, and the preserved part of 14 seems to be 
hopelessly corrupt; but this does no great harm, as the table of the differences 
of the sines can easily be drawn up from the table of sines as given above. 
It stands as follows: 


No. 

Sines. 

Differences. 

No. 

Sines. 

Differences. 

l. 

7' 51" 

7' 51" 

13. 

90' 13" 

5' 22" 

2 . 

15' 40" 

7' 49" 

14. 

95' 13" 

5' 

3. 

23' 25" 

7' 45" 

15. 

99' 46" 

4' 33" 

4. 

31' 4" 

7' 39" 

16. 

103' 56" 

4' 10" 

5. 

38' 34" 

7' 30" 

17. 

107' 38" 

3' 42" 

6 . 

45' 56" 

7' 22" 

18. 

110' 53" 

' 3' 15" 

7. 

53' 5" 

7' 9" 

19, 

113' 38" 

2' 45" 

8 . 

60' 

6 ' 55" 

20 . 

115' 56" 

2 ' 18" 

9. 

66'40" 

6 ' 40" 

21 . 

117' 43" 

1 ' 47" 

10 . 

73' 3" 

r 6' 23" 

22 . 

119' 

1 ' 17" 

11 . 

79' 7" 

6 ' 4" 

23. 

119' 45" 

45" 

12 , 

84' 51" 

5' 44" 

24. 

120 ' 1" 

16" 


16. 17. 18, [Three stanzas apparently referring to the moon’s latitude, 
which we are however unable to explain satisfactorily.] 

19, By means of the shadow’s entering into—and passing out of—a 
circle, whose diameter comprises as many ahgulis as the gnomon is high, the 
west-east direction is ascertained; and thereupon the north-south direction 
is found by means of figures shaped like barley corns. 

The above process for ascertaining the different points of the compass 
is well known and requires no special elucidation. The customary height of 
the gnomon is twelve ahgulis. After the west-east line has been found, we 
describe two arcs of circles, taking the points where the line cuts the circle 
for centres; the line joining the points of intersection of those two arcs is the 
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north-south line. The figure formed by the two intersecting arcs is by Yaralia 
Mihira likened to a barley com; its ordinary name “matsya” bases on its re¬ 
semblance to the outline of the body of a fish. 

20. To the square of the midday shadow of the gnomon on the day 
of the equinox add 144 and take the square root of the sum. By this square 
root divide the product of 120 and the equinoctial shadow; 

21. The quotient is the sine of latitude ; the arc corresponding to 
that sine is the latitude.—Or else on any given day (after having gone through 
the process described) add to the result the sun’s declination in the six signs 
beginning with Aries, and deduct it in the six signs beginning with Libra. 
The result is the latitude of the given place. 

The two well known methods for ascertaining the latitude of a given 
place.—The first method avails itself of the equinoctial shadow and of the 
proportion 

Equinoct. hypothenuse: equin. shadow =120 i. e. Radius: sine of 
latitude. 


The second method dispenses with the knowledge of the equinoctial 
shadow and starts directly from the midday shadow of any given day. It 
thus ascertains the sun’s zenith distance (the natamsas), and by adding to it— 
or subtracting from it in the southern hemisphere—the sun’s declination 
obtains the desired latitude. 


22. Deduct the sun’s declination from the latitude (in the northern 
hemisphere), and add it (in the southern hemisphere); divide the sine of 
(the remainder or the sum) by the square root of the difference of the squares 
of the sine (found by the above subtraction or addition) and the Radius, and 
multiply by twelve. The result is the length of the shadow at noon. 

A rule for finding the length of the shadow at noon on any given day 
from the latitude of the place and the sun’s declination. By either deducting 
the sun’s declination from the latitude or adding it to the latter we obtain the 
sun’s zenith-distance. We then establish the proportion 

Square root of difference of squares of Radius and sine of zenith-distance: 
Sine of zenith-distance = 12 (i. e. length of gnomon): x (i. e„ length of shadow). 
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23. The (sine of the) colatitude is found by taking the square root of 
the difference of the squares of the Radius and the sine of latitude.—The day- 
diameter is found by doubling the square root of the difference of the 
squares of the Radius and the sine of declination. 

The former of these two rules teaches how to find the sine of colatitude 
(lamba) or, what is the same, the cosine of latitude.—The latter rule teaches 
the calculation of the day-diameter, i. e., in this place, the diameter of the 
circle described by the sun on any day for which the sun’s declination is given. 

24. The sines of declination of the sun at the end of Aries, Taurus 
and Gemini are twenty-four, forty-two and forty-eight plus twenty-four, fifteen 
and forty-eight sixtieths respectively. 

25. The day-diameters (at the same places) are two hundred thirty- 
five, two hundred twenty-four and two hundred nineteen; the diameters of 
Taurus however and the last one (i. e. the day-diameter at the end of Gemini) 
are to be increased by forty and fifteen sixtieths respectively. 

The two above stanzas apply the rules given before for finding the sun’s 
declination and day-diameter to the calculation of the said quantities at the 
end of the different signs. The calculation is made with the Radius 120, the 
greatest declination being assumed to amount to 24°. Its result is exhibited 
in the following tabular statement in which the whole numbers represent 
unities of which the Radius contains 120, and the fractions sixtieths of those 
unities. 



Aries. 

Taurus. 

Gemini. 

Sine of Declination. 

24 

24— 

42— 

48— 


CO 

GO 

. 

60 

Day-diameter. 

235 

224— 

219— 

• 


60 

CO 


26. Multiply the sine of latitude by the diameter and by the sine of 
declination, and divide the product by the sine of colatitude and the day- 
diameter. Divide the minutes of the arc corresponding to the result by three. 
The quotient indicates the vinadikas of the ascensional difference. 

A rule for finding the ascensional difference for any given latitude and 
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any given declination of the sun, and therefrom the respective length of the 
day and the night. For this purpose the so-called earth-sine (kujyi) has to 
be found, which is done by dividing the product of the sine of latitude and 
the sine of declination by the sine of colatitude. Thereupon the sine of the 
ascensional difference is found by dividing the product of the earth-sine and 
the Radius by the day-radius, i. e., half of the day-diameter found previously. 
Of this sine of the ascensional difference the arc is taken. As six minutes 
of arc go to one vinadikA. of time, the minutes, in order to be turned into- 
vinadikAs, would have to be divided by six, but as, in order to determine the 
true length of the day, the double ascensional difference has to be added or 
deducted (according to circumstances), the divisor three is substituted for the 
divisor six. 

27 —28. Multiply the day-diameter by the sine of half the ascensional 
difference ami divide by two hundred and forty ; the result is the earth-sine 
(kujyft). Take the square root of the sum of the squares of the earth sine 
and the sine of declination, and divide by that square root the product of earth 
sine and Radius. The quotient is the sine of latitude. Deduct the degrees 
of latitude from ninety ; the sine of the remainder is the sine of colatitude. 

A rule for finding the latitude and colatitude from the given ascen¬ 
sional difference. At first the earth-sine is found from the ascensional differ¬ 
ence ; the divisor is 240 i. e. 2 x 120=2 R, since the multiplier is not the day- 
radius but the day-diameter. The earth-sine and the sine of declination are 
the two sides of a right-angled triangle whose hypothenuse (the measure of 
amplitude ; agrtl) is therefore known. A proportion is then established 

Measure of amplitude: earth-sine = Radius : sine of latitude. 

The complementary sine of the sine of latitude is the sine of eolatitude. 

29. Of the signs beginning with Aries take the square of the sine 
and of the sine of declination ; by the square root of the difference of those 
squares multiply the diameter and divide by the day-diameter. Multiply 
the arc (of the sine thus found) by ten ; the result are the vinadikAs of the 
rising of the signs. 


30. Thus there are found beginning from Aries (i. e. for the three 
signs beginning with Aries) 278, 299 and 323 (as the vinadikas of rising); 
further on (i. e. for the three signs Cancer, Leo, Virgo) the same quantities 
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are valid in reverse order (323, 299, 278) ; and the six quantities taken in 
reverse order are valid for that half (of the ecliptic) which begins with Libra. 

Stanza 29 gives the rule for finding the times occupied by the in¬ 
dividual signs of the ecliptic in rising in the right sphere. At first there is 
found—from the sine of the sign of the ecliptic (reckoning from the beginning 
of Aries) and the sine of declination of the end point of the sign—the sine 
of that arc of the day-circle described by that end point, which, if reduced to 
terms of a great circle, furnishes the ascensional equivalent of the sign on the 
equator. In order to effect the reduction, the sine is multiplied by the dia¬ 
meter (instead of the Radius) and hence divided by the day-diameter (instead 
of the day-radius). The degrees of the arc thus found are divided by 6 in 
order to ascertain the nadikas (360°—60 nadik&s), and then multiplied by 
60 in order to give the vinadikas of rising; hence the text directs us to 
multiply the arc by ten.—Stanza 30 states the numerical results of the pre¬ 
ceding rule for each sign of the ecliptic. 

31. Three (i. e., the times of rising in the right sphere of the three 
first signs) are to be lessened by half the time of ascensional difference; three 
(i. e., the corresponding times for Cancer, Leo, Virgo) are to be increased by 
the same (amounts of ascensional difference) in the reverse order. In the same 
time which a sign of the ecliptic occupies in rising, the seventh sign from it 
goes to its setting. 

A rule for calculating the time occupied by the signs of the ecliptic 
rising in the oblique sphere, i. e., in any given latitude. 

32—33. Multiply the sine of the given degrees of northern declination 
by one hundred and twenty, i. e., Radius and divide by the sine of latitude. 
The time resulting from the arc corresponding to the sine (found by the above 
process) indicates the moment when the sun reaches, after sunrise, the prime 
vertical. The same time being deducted from half a day indicates when the 
sun in the western hemisphere (again reaches the prime vertical). The rule 
does not apply when the sun is in the six signs beginning with Libra. 

A rule for ascertaining the time when the sun is on the prime verti¬ 
cal.—The samamandalaganku, i. e., the sine of the sun’s altitude when the sun 
is on the prime vertical is found by comparing two similar triangles, the 
former of which is formed by the Radius, the sine of latitude and the sine of 
colatitude ; while the sides of the latter represent the sine of the sun’s 
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altitude when the sun is on the prime vertical, the sine of the sun’s declination, 
and that part of the sun’s day circle which is intercepted by the projections 
of the prime vertical and the six o’clock circle. On the supposition of the 
sun’s declination not changing within one day, the sine of altitude thus 
calculated will enable us to fix that moment also when the sun again reaches 
the prime vertical in the western hemisphere. 

The rule has of course no application in the case of the sun having 
south-declination. 

34. Multiply the sine of declination by 240 and by the sine of latitude, 
and divide by the sine of colatitude. Divide thereupon by the day-diameter. 
The entire sixth part of the corresponding arc is the quantity by which the 
day is to be increased. 

A rule for finding the ascensional difference, basing on the proportion 

sin colat. : sin latit. = sin declin. : kujyd. 

The result is thereupon reduced to terms of Radius by another proportion. 

35. Multiply, in the northern hemisphere, the sine of the sun’s longi¬ 
tude by the sine of his greatest declination, and divide by the sine of latitude ; 
the result are the so-called minutes of the 6anku (i. e. of the sine of the 
altitude of the sun when the latter is on the prime vertical); from them the 
shadow of the sa?'iku is to he found. 

A rule for finding the sine of the altitude of the sun when the latter is 
on the prime vertical.—The first step is to find the sun’s declination for the 
given time; this is done by means of the proportion 

Radius : sin greatest declin. = sin sun’s longit : sin declin. 

Thereupon the sanku is found by comparing the two similar triangles 
of which the one is formed by the Radius, the sine of latitude and the sine 
of colatitude; and the other by the sanku, the sine of declination and that 
part of the sun’s day circle which is intercepted by the prime vertical and the 
six o’clock circle. 

The proportion established is : 

sin latit. : Radius=sin declin. : sanku. 
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Combining the two proportions we get 


/ . 1 _ Rad x sin great, declin, x sin longit. 

toe -au— s i n j at jf x 


_ sin great, declin. x sin* longit. 


Therefrom the shadow of the gnomon at the moment when the sun 
is on the prime vertical may be found without difficulty. 

36. That person, who determines the moment at which the sun 
crosses the prime vertical and who is able to produce general confidence in his 
calculations, thoroughly understands the theory of the sun. 

37. “ If the sun performs one complete revolution in a year, how 
much does he accomplish in a given number of days ? ” Such like calculations 
even an ignorant fellow can easily perform by means of lines drawn with a 
piece of chalk. 

38. When the shadow of the gnomon completely coincides with the 
east-west line in a circle in which the directions have been marked, then the 
sun is on the prime vertical. 

3.9. Multiply the Radius by the given sine of declination, and divide 
by the sine of colatitude; the degrees of the result indicate the distance 
from the east-west line at which the sun rises or sets (on the given day). 

A rule for calculating the sine of amplitude (the so-called agra), founded 
on the proportion 

sin colat., : R — sin declin.. : sin amplit. 

40. Multiply the sine of declination by 120 and divide by that (i. e. 
by the sine of amplitude as found in 114); the result is the sine of colatitude. 
Deduct the arc corresponding to that sine from 90 ; the remainder are the 
degrees of terrestrial latitude. 

A rule for finding the terrestrial latitude, the sine of amplitude being 
given. The proportion is 

sin am pi. : sin decl. = R : sin colat . 

41. Take the twentieth part of the vinadikas to which the ascensional 
difference at the given time amounts, and put it down in two places. Ac¬ 
cording as the sun has northern or southern, declination, deduct that twentieth 
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part from—or add it to—the given n&dikcis (i. e. the nadikas which at the 
given time have elapsed since sunrise) multiplied by six. 

42. The sine of the remainder (resp. the sum) is to be increased or 
diminished by the sine of the twentieth part (mentioned above), according as 
the sun has nothern or southern declination. Of the nadikas multiplied by 
six take the sine without applying (to the said nadik&s) any correction. 

43. Multiply the sine thus calculated ( i. e. the sine of the remainder, 
increased or diminished in the way taught in 42) by the product of the day- 
diameter and the sine of eolatitude, and divide by 288Q0. The quotient 
indicates the minutes of the sun’s altitude. 

44. Deduct the square of those minutes from 14400, and take tiro 
square root of the remainder. Multiply the square root by 12, and divide by 
the minutes of the altitude. The result is. the shadow. 

A rule for finding the length of the shadow at a given time.—The 
first step is to find the degrees of the ascensional difference which above 
was determined in terms of vinadikas. The vimldikas divided by 60 give 
the nadikas, and as the ascensional difference had above been taken double 
(in order to determine the length of the day), 120 is substituted as divisor for 
60. Six degrees going to one n&diki, the final expression for the degrees of 
the ascensional difference is ; 

Vin&fl. x 6 _VintLd. 

2 x 60 ~~ ~ 2G *~ 

The given nadikas (i. e. the naejikas which have elapsed from sunrise) arc 
thereupon multiplied by six, whereby the number of corresponding degrees 
is found, and the degrees of ascensional difference as found above are deduct¬ 
ed from them in the case of northern declination, and added in the ease of 
southern declination, 

The sine of the arc so determined is technically called < stitra ’ (cp. 
SiddMnta S'iromani, Triprafeadhik&ra, 54). This stitra increased by the sine of 
ascensional difference in the northern hemisphere—and diminished by it in 
the southern hemisphere —gives the sine technically called ishta antya. 
From it is found the so-called ishta hriti, i, p., the perpendicular from the sun 
to the udayasta stitra, i. e., the line joining the points in which the sun rises 
and sets, (The ishta hriti represents the sum or difference off the sines of 
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two arcs, viz., that arc of the day circle which is intercepted by the sun and 
the six o’clock circle, and that arc which is intercepted by the six o’clock circle 
and the horizon). 

The proportion employed is as follows : 

Rad : antya= Rad. of day circle : hriti. 


. x dyujy& _ antya x 2 dyujyi 

..mru — 120 — 240 ’ 

In order to find therefrom the sine of the sun’s altitude the following 
proportion is employed 

Rad : sin eolat. = hriti; sin alt. 

. „U _antyax 2 dyujyix-ain oolat. 

.. biucui.- 120x210 = 28800 

Taking the right angled triangle of which the Radius is the 
hypothenuse and the sine of altitude one side, we find the other side which 
is equal to the sine of the zenith-distance, the so-ealled drigjyd: 

drigjya=i/Rad’-sin altih*= 4 / 1 4400-sin alt" 

We then finally establish on. two similar triangles the proportion 

sin alt: sin zenith distance=12 i. e., gnomon : shadow. 

45. Take the square root of the sum of the squares of the shadow and 
of twelve; multiply* it by the sine of eolatitude, and by the product divide 
172800 ; the quotient is called the first sine (prathama-jiv&). 

46. Multiply the sine of latitude by the (sun’s) sine of declination 
of that day and divide by the sine of colatitude; put the result down 
separately. Deduct it from the first-sine, if the sun has northern declination ; 
add it, if he has southern declination. 

47 . Multiply the first sine so modified, and the sine which had been 
put down separately, by 240, and divide by the double day-radius; the two 
corresponding arcs have to be added to each other if the sun has northern 
declination; while they have to be deducted in the case of southern decli¬ 
nation, The resulting degrees divided by six give the nadikas. 
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A rule for finding the time of the day from the length of the shadow. 
The hypothenuse of the shadow having been found, the following proportion 
is established 

hyp. shad.: 12 = Rad: sin altit. 

Thereupon the following proportion 

sin colat. : Rad = sin altit. : hriti. 

The sine which commonly is called hriti (see above) is by Varaha 
Mihira .called prathamajya. its value is expressed by the following formula 

+1 • A _ 12 Rad 2 _ _12 x (120)2__ 172800 

pratnamajya byp. shad, x s in colat. hyp. shad, x sin colat. hyp shad, x sin colat. 

Next the earth-sine is calculated by the following proportion 
sin colat. : sin lat. = sin deel: earth sine 

By deducting the earth sine from the prathama jiva in the northern 
hemisphere—and adding it in the southern hemisphere—we get the sine of that 
arc of the day circle which intervenes between the unmandala-circle and the 
place of the sun (which sine is commonly called kala; cp. Siddh Sir. as above. 
The so-called kala and the earth-sine are thereupon reduced, in the ordinary 
way, to the dimensions of a great circle, and we thus obtain the so-called 
sutra-sine (see above) and the sine of ascensional difference. We take 
the arcs of both these sines and add them to each other in the northern 
hemisphere; while we deduct the latter from the former in the southern 
hemisphere. By dividing the sum—or difference—by six, we obtain the 
n&dik&s during which the sun has been above the horizon. 

48. Or else multiply the measure of the day by six, and divide by 
the angulis of the shadow, after having added to them 12 and subtracted 
from them the angulis of the midday-shadow. The result are, in the eastern 
hemisphere, the n&dikas which have elapsed since sunrise, in the western 
hemisphere, the n&dik&s remaining till sunset. 

Another rule for finding the time, basing on the observation that, when 
the equation 

given shadow +12 - noon shad. = 12, holds good, the time is midday. 

How many n&dikas then will have elapsed since sunrise, if the left side 
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of tlie equation is equal to any given number, viz., the given length of the 
shadow at any time ?—The resulting formula is 


n&dik&s = 


12 x 


day 

2 


12 + given shad. — noon shad. 


__ 6 x day _ 

12 4- given shad. — noon shad. 


49. Multiply the measure of the day by six, and divide by the given 
n&dik&s; lessen the quotient by twelve and add the midday-shadow. The 
result is the shadow due to the sun (at the given tim e). 


The above rule for finding the length of the shadow for- any given 
time is merely the reversal of the rule given in stanza 48. From the formula 
given there we derive 

n&dik&s (12 + shad. —noon shad.) = 6x measure of day 
shad. = ~-12 + noon shad. 

50. The observed n&dik&s are to be increased—or else diminished— 
by the nadikas of the rising of the moon, according as it is day or night; by 
means of them the shadow of the moon is to be calculated in the same way 
as that of the sun. 


A rule for ascertaining the length of the shadow due to the moon. — 
In the case of the moon rising before the sun the nadikas, which have elapsed 
between her rising and the rising of the sun, have to be ad’ded to the observed 
mtdikas, i. e., the nadikas which intervene between sunrise and the moment 
for which the length of the shadow is required'. 

51, According to the methods successively taught for the calculation 
of the n&dik&s of ascensional difference,, etc., the day-circle,, declination and so 
on have to be ascertained (for tbe moon also); the previous, rules apply also 
to her setting. The corresponding, items for the other planets may be 
ascertained by appropriate reasoning. 

52, 53. 54. Multiply the Radius by twelve, and divide by the square 
root of the sum of the squares of the shadow and of twelve. Multiply the 
result by the sine of latitude and divide by the sine of colatitude.—Again 
multiply the sine of greatest declination by the sine of the sun’s longitude 
divided by the sine of colatitude ; the result is the sine of the sun’s amplitude.— 
Deduct from the latter sine the result obtained above in- the ease- of the- sun 
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having northern declination, and add it in the case of southern declination ; 
multiply the difference (resp. sum) by the hypothenuse of the shadow, and 
divide by the Radius; the resulting ahgulis are the koti (perpendicular). 
The square root of the difference of the squares of the koti and the shadow is 
the Mhu (base).—In fixing the directions the b&hu is even (i. e. coincides with 
the east-west line), and at right angles to the koti. 

A rule for finding the distance of the base of the gnomon (or else the 
distance of the end of the shadow) from the east-west line.—At first the sine 
of the sun's altitude is found by means of the following proportion 

hypoth. shad. : 12 = Rad : sin alt. 

From this the base of the sun’s altitude is found by means of the fol¬ 
lowing proportion 

sin colat.: sin lat, = sin alt. : base alt. 


Thereupon the sun’s sine of declination for the given time is calcu¬ 
lated by means of the proportion 


Radius : sin great, declin. = sin sun’s longit. : sun’s sin declin. 


and therefrom the sun’s sine of amplitude by the following proportion 
sin colat, ; Rad. = sin declin, ; sin ampl. 

The expression for the latter therefore is 

Sill clinpl _ sfa Ht. X si n g reat, dec}. Bad _ sin lat. X sin great, declin, 

k * Bad. ^ sin nnlnt,. sin nnlat * 


We thereupon take, in the northern hemisphere, the difference of the 
sine of amplitude and the base of altitude—-and the sum of the two in the 
southern hemisphere—, and thus obtain the distance of the base of the perpen¬ 
dicular, representing the altitude, from the east-west line. In order to reduce 
this distance to the terms of the small 4ahku, i e,, the gnomon, the following 
proportion is established 

Rad; dist, =hyp. shad.; bhuja; 

the bhuja thus found being the distance of the base of the gnomon 
horn the east-west line. This distance, ordinarily called bhuja, is by Var4ha 
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jSdihira called koti. It being here defined as the interval between the base of 
the gnomon and the east-west line, the presupposition is that the gnomon 
is so placed that the end of the shadow falls on the central point formed by 
the intersection of the east-west and the north-south line. If on the other 
hand the gnomon occupies the central point, the koti (or bhuja) is the 
interval between the end of the shadow and the east-west line. 

55. Multiply the Radius by the interval between the shadow and the 
east-west line (i. e. by the koti = bhuja found above), and divide by the 
hypothenuse of the shadow. Of this result there has to be taken the difference 
(from the result found above, viz., the base of the sun’s altitude), if there is 
sameness (i. e., if the bhuja of the sanku and the base of the sun’s altitude are 
both measured in the same direction); while the sum has to be taken, if there 
is difference ( i . e,, jf one of the mentioned quantities is to be measured from 
the north to the south, and the other from the south to the north). The 
result is the sine of the sun’s amplitude. 

50, Multiply the latter sine by the sine of colatitude, and divide by 
the sine of greatest declination ; the result is the sine of the sun’s longitude.— 
According to the rules here given for the sun the corresponding calculations 
have to be made for the other planets also. 

The above rule for calculating the sun’s longitude from the observed 
koti (=bhuja) i. e., the distance of the point of the shadow from the east- 
west line at a given moment is simply the reverse of the preceding rule.—The 
expression for the sine of the sun’s longitude is as follows 

_ sin ampl* x sin colat. v x Bad. _ sin am pi. x sin colat. 

SIB longlt, —- liadr ^ sin great, deal- sin great declw. * 



CHAPTER V. 


On the Moon’s becoming Visible. 


1. Take on the one hand the sum, and on the other hand the differ¬ 
ence, of the distance of sun and moon and the difference of their declinations; 
multiply the two quantities thus obtained and take the square root of the 
product. Divide by that product the difference of the declinations, which 
previously has been multiplied by the latitude of the moon. 

2. The result has to be deducted from the interval of sun and 
moon, if the moon’s latitude has the same direction as the difference of the 
declinations ; in the opposite case the result has to be added. In the case 
of the morning-twilight the directions as to adding and subtracting have to 
be reversed. 


3. If that (corrected interval of sun and moon) rises in two nadikas, 
which we infer from the seventh sign of the ecliptic—counting from the 
sun— ; then, the sky being clear, the moon is seen by men. 


A rule for 
Fig. 2. 



determining the distance from the sun at which the moon 
becomes visible after new moon.. Let (fig. 2) E S represent 
a segment of the Ecliptic, in which S is the place of' the 
sun and E the point in which the moon’s circle of latitude 
cuts the ecliptic. The moon’s place is m. E B is a seg¬ 
ment of the day circle—parallel to the Equator—described 
by the point E of the Ecliptic; B S a segment of the sun’s 
circle of declination ; md a segment of the moon’s circle of 
declination. Treating all the arcs as straight lines, we 
have in the right angled triangle E B S 
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E B = t/E S' - B S’=v/(E'STB"S)XE S - B S) 

Now BS and m d being parallel, the angles ESBandmdE are 
equal, and hence the two right angled triangles are similar. We thence find 
by proportion 

Ed = 

By the amount of Ed so found the distance of the moon from the sun 
in the ecliptic has to be corrected. Ed has to be deducted in case of the 
moon’s latitude and the difference of the declinations of the two bodies 
having, the same direction ; while it has to be added in the opposite case.— 
The moon is first seen when her corrected distance from the sun amounts to 
so much that it sets—or, what is the same, that an equally large piece of 
that sign of the Ecliptic, that is seventh from the sign in which the sun is 
at the time, rises—in two nadikas. 

4. (The text and meaning of the first half of this stanza is doubtful; 
it possibly contains a remark of an astrological character, as explained in the 
Sanskrit—Commentary). 

The twelfth part of the hypothenuse represents the illumined part of 
the moon ; it is to be laid off in the direction of the base. 

By the hypothenuse we have to understand the interval between sun 
and moon as in figure 2. The moon’s diameter is supposed to be divided 
into fifteen angulis all of which are illumined when the moon is in opposition, 
i. e., at the distance of 180° from the sun. Hence the formula 

Illumined part = - 

5. The perpendicular is constituted by the difference of the declina¬ 
tions (of sun and moon) and of the latitude ; of which two quantities the sum 
has to be taken if their direction is the same, otherwise the difference. The 
hypothenuse is the interval between sun and moon. The square root of the 
difference of the squares of those two sides is the base. 

6 . Let the perpendicular be laid off in that direction in which the 
sun is with regard to the moon, one degree being supposed equal to one 
anguli; in the same way the base and the hypothenuse are to be laid off 
with angulis. 
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7. First lay off the hypothenuse from the centre of the moon ; then 
from the hypothenuse the perpendicular ; then the base in the direction of the 
moon’s centre. This base is called aksha (axis) on the moon’s circumference. 

• Measure out the illumined part from the middle (i. e., the hypothenuse which 
divides the moon into two halves); it has the shape of a bow. 


Directions how to draw a 
Fig. 3. 



diagram of the illumined part of the moon, 
which are immediately intelligible from 
figune 3, in which S represents the sun’s 
place and m the centre of the moon. The 
line mh, which ordinarily is called koti, 
Var&ha Mihira calls bhuja, and h S which 
ordinarily is called bhuja he calls koti. The 
illumined part of the moon is abc; the 
ahgulis which determine the amount of the 
illumination are measured off on the dia¬ 
meter bm from the point b. 


8 . Multiply (the moon’s) southern or northern latitude by the 
equinoctial shadow, and divide by 12. The resulting degrees are, in the case 
of the moon’s rising, to be added (if the latitude is southern), and to be 
deducted (if the latitude is northern); the reverse has to be done at the time 
of setting. 

9. From the longitude of the sun lessened by that of the moon 
(ascertain the number of the intervening signs); according as they are less or 
more than six, the rising of the moon has to be determined as taking place 
during the day or during the night, owing to the rising of the sun. 

10 . Having thus (i. e. in the way indicated in stanza 8) performed the 
subtraction or addition, deduct the moon’s longitude, lessened by that of the 
sun, from half the circle; in the time (reckoned from sunrise) equal to the time 
of the rising of the remaining signs the moon goes to her setting. 

The above are rules for finding the time of the moon’s rising and 
setting. First there is given a rule for the so-called drik-karman, which 
however neglects the ^yana-drik-karman, and limits itself to the aksha-drik- 
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karman, i. e., that operation by which there is determined that point of the 
ecliptic, together with which a planet having latitude rises in a given terres- 

trial latitude. In figure 4 E L B re- 
P presents an arc of the Ecliptic, L m H 
the horizon, m the moon’s true place, 
E its place in the Ecliptic to which it 
H is referred—in the Indian fashion—by 
means of a circle of declination, L that 
point of the Ecliptic which rises to¬ 
gether with the moon. In order to 

determine E L, we look upon the triangle E i» L as a plane one, in which the 
angle E m L is equal to the terrestrial latitude, and its complement m L E to 
the colatitude. We then establish the proportion 



E L : sin latit. = E m : sin colatit. 


E L = 


Bin lat. x Em 
sin colat. 


we finally obtain 


Substituting 


Equin. shad, p sin lat. 

12 ( = gnomon) IOr sin colat / } 


EL 


moon’s lat. x equin. siiad. 

. ^ ' - 


The amount so found is added to, or deducted from, the moon’s 
longitude, according as the moon has southern or northern declination.— 
Stanzas 9 and 10 present no difficulties. 



CHAPTER VI. 


Lunar Eclipses (according to the Paulisa Siddhanta.) 


1. From the n&dikas of the tithi,. which, taking sunrise as the 
starting point, have elapsed or are yet to come, the corresponding minutes 
of motion of the moon have to be calculated. They are to be deducted from 
the moon s place (in case of the full moon tithi having terminated before 
sunrise), and we thus obtain the place of the moon at that time (£. e., the 
time of the termination of the full moon tithi, i. e., the time of opposition) ; 
while in the opposite case the minutes have to be added. 

There is some corruption in the last line of the text of the stanza ; 
but there can be no doubt about the general meaning. The longitude of the 
moon had hitherto been calculated for sunrise ; now, when the discussion of 
lunar. eclipses begins, it becomes requisite to find it for the moment of 
opposition, i. e., the end of the tithi of full moon. According as that moment 
precedes or follows the sunrise for which the moon’s longitude had been found 
the latter has to be diminished or increased by the amount of the moon’s 
motion during the interval. 

2. Deduct from the longitude of Rahu twenty-six minutes and 
thereupon take the degrees intervening between R&hu and the moon’ If 

these degrees are within thirteen, there is an eclipse; if within fifteen there is 
the shadow of an eclipse. ’ 

3. Deduct the square of the minutes of the moon’s latitude from 

the square of fifty-five, and take the square root of the remainder. Doubling 
it and operating upon it in the manner of the tithi, we find the time of the 
duration of the eclipse. ' ° 


, * “'■‘f® V the degrees of the inter™! between the moon 

And Rahu, and multiply by five; the result taken as vinadikas is to be added 
to the duration of the eclipse in the case of RShu being more advanced in 
longitude than the moon; otherwise it is to be deducted. 
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The former half of stanza 2 refers back to the rule given in III. 29 
concerning the place of the moon’s node. Its latter half states the lunar 
ecliptic limits. By the expression ‘shadow of an eclipse’ we apparently have 
to understand a quasi-eclipse, i. e., the diminution of the moon’s light by the 
penumbra (?) 

Stanza 3 calculates the duration of the eclipse from the line 1 C 

(fig. 5) which itself is determined as 
one of the sides of a right angled 
triangle of which ml i. e., the lati¬ 
tude of the moon at the moment of 
contact with the shadow is the other 
side, and mC i. e., the sum of the 
radii of the moon and the shadow the 
hypothenuse. Seventeen minutes are 
taken for the mean value of the moon’s 
radius, and thirty-eight for the mean 
value of the radius of the shadow ; 
the sum of these two quantities 
amounts to fifty-five. The time which 
the moon takes in passing—by means 
of the difference of the motions of sun 
and moon—along 1 C is half of the 
total duration of the eclipse. This time is found by a proportion similar to 
that employed for finding the n&dik&s, past and to come, of a tithi, viz. 

Minutes of diff. of motions: 60 nad. = double the minutes of 1C: 
duration of eclipse. 

To the duration so found stanza 4 directs us to apply a correction 
whose x-ationale we are however unable to assign. 

5 . By five, diminished by the degrees of interval (between the 
moon and her node), let ten be diminished and multiplied, then multiply by 
four, take the square root and multiply the latter by twenty-one ; the fifth 
part of the result indicates the minutes of total obscuration. 

A rule for calculating the time of complete obscuration during a total 
eclipse of the moon.—The quantity to be calculated first is the latitude of 
the moon at the moment when complete obscuration begins. For this purpose 


Fig- 5. 
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the sine of the degrees intervening between the moon and the node is 
calculated, according to the formula: sine= 2 - - * (21 being the sine of 

10 degrees if the Radius =120, a.nd ten degrees being introduced into the 
formula, because in the case of a total eclipse the interval between moon 
and node must be less than 10 degrees.) The sine of latitude is then 
calculated on the assumption of the moon’s greatest latitude amounting to 
240', whence the proportion 

Radius : sin great, latit. = 21 ■ * ^ e g r ? - 9 : s in lat. 

• _240 x 21 x degrees_21 x degrees^ 

• • Sm lat * 120 x 10 5 

Having thus found mT (fig. 5) we ha»ve 
l'C = v/ m'C*-mT’= v/ (Ct - tm') ! - ^ x degr. * 

= t // (38 — 17)* — ^ x degr. a = -j-v/25 —degr.’ 

= (5~degE)(5Tdegry = ~~x/[5 - degr.] [10 - (5 - degr.)] 

Multiplying this last expression by two, in order to find the whole 
duration of total obscuration, we finally have : 

Minutes of total obscuration 

=-J- x 2\/[5^degr\] [10 -( 5 - degr7)] 

= - B -\/4 [5 — degr.] [10 — (5 —degr.)] 

6 . Within a time equal to the difference of half the duration of the 
eclipse and half the period of total obscuration the shadow swallows the whole 
moon.—The direction of the contact and the separation is to be determined 
by means of the degrees of the interval between the moon and the node. 

7. That direction is opposite to the direction of the moon’s latitude. 
Divide the quadrant of the moon’s circumference into thirteen parts, and 
from the east-point lay off the degrees of the direction of the eclipse (L e., 
the degrees of the valana or deflection). At the point thus determined 
the parvan, i. e., the beginning of the eclipse takes place. 

8. Multiply the degrees of terrestrial latitude by a quarter of the 
moon’s circumference, and again by the degrees intervening between the 
moon and the zenith, and divide by 8100; the result is the deflection 
(valana) which is north in the eastern hemisphere, south in the western one.. 
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A rule for calculating the socalled aksha valana, i. e., the deflection 
due to latitude (the &yana valana being altogether neglected). The rule 
given in stanza 8 for the &ksha valana is based on the proportion: If 90° 
zenith-distance give a deflection equal to the terrestrial latitude, how much do 
the given degrees of zenith distance give ?—This is combined with the further 
proportion: If 90° give an arc .equal to one quarter of the moon’s circum¬ 
ference, how much do the calculated degrees of deflection give ?—The 
resulting formula for the arc of deflection to be laid off on the moon’s 
circumference is 

A y*/-j — zenith dist. x latifc. x £ circumf. of moon 
^ 90 x 90 = 8100. ' 

We do not know the reason for the direction—given in stanza 7— 
to divide each quarter of the circumference into thirteen parts. 

9. During a total eclipse dark yellow is to be declared the peculiar 
colour of the moon; her colour is dusky in the case of eclipses taking place during 
the rising or setting of the moon ; and waterish in the case of partial eclipses. 

10. [A stanza of doubtful import; see the Sanskrit Commentary.] 

11. Describe in one place (4. e. from one centre) three circles, one, viz., 
the moon’s circle with a string measured by seventeen minutes, a second one, viz., 
theeircle of the shadow with a string of thirty-eight minutes, and a third one, viz., 
the circle of duration with a string equal inlength to the sum of the two quantities. 

12. (Ascertain) by means of the degrees (of deflection) to be laid off 
in the direction stated above the east and west-line of LanlA, and draw on 
both sides of it thirteen long lines, at equal distances from one another. 

13. This is a concise description of the projection of a lunar eclipse, 
tho details of which are to be known from explanation. The first contact, 
the complete obscuration and the duration are there seen through 
appropriate constructions. 

14 . In a lunar eclipse the moon is seen to touch the shadow of the 
earth from the west-side; in the same way she touches, in a solar eclipse, 
the sun from the west-side; hence the eastern part of the moon is first 
touched, but not that of the sun. 

Stanzas 11-13 contain some rather general directions how to draw 
the projection of a lunar eclipse, on the ground of the hksha valana previously 
calculated. Compare the Sanskrit Commentary. , • . 



CHAPTER VII. 


Solar Eclipses, according to the FaullIa Siddhanta. 


1. As many nadikas as there remain until midday (from the time of 
conjunction), or as many as have elapsed since midday, have to be multiplied 
by six. The thirtieth part of the corresponding sine is the “ bending”' 
(displacement) of the tithi (L e. the parallax in longitude). 

A rule for calculating the parallax in longitude. We ascertain the 
hour angle (multiplying the given n&d’ikas by 6, six degrees going to each 
nadika), and establish the following proportion :: 

Radius : greatest parallax = sin hour angle : desired parallax. 

The greatest parallax being assumed equal to. the mean motion*, 
during four nidikas, we thus have r. 

Desired parallax = 

2—4. [Three stanzas of doubtful import.] 

5. Deduct twenty-six minutes from the longitude of R&hu, and take 
the degrees intervening between Rahu and the moon. If they are within 
thirteen, there takes place an eclipse- of the. moon; and an eclipse of the 
sun, if they are within eight. 

A stanza agrreeing, as far as lunar eclipses are concerned, in contents 
and enunciation with stanza 2 of chapter VI. 

6. Deduct, in the ease of the moon, the square of the degrees of 
the interval from 169, in the case of the sun from 64 ; the square roots of the 
remainders minus their fourth parts indicate the duration of the lunar and 
solar eclipses. 



( 47 ) 

If we calculate the moon’s latitude at the moment, when complete 
obscuration begins, in the manner taught in stanza 5 of the preceding chapter, 
with the one difference of making the greatest latitude equal to 270 (not 240) 
minutes, we obtain 

latitude = 270 x JL x degrees of Interval 
120 


270 x 2 x degrees_9 x degrees 

120 2 


(approximately). 


By means of the latitude so found, and assuming half the sum of the 

diameters of moon and shadow to be equal to 58 minutes, we find_in the 

customary manner 

Measure of half duration of eclipse = v/58 s — latit.’ 

= ^58* — --(degrees of interval)* = |( 5 ^- 2 ) 2 —degrees ’ 

= 13 s —degrees 2 (approximately). 

In order to find from the latter expression the whole duration of the 
eclipse in terms of nfUlik&s, we multiply it by 2x60, and divide by the 
difference of the daily motions of sun and moon, when we obtain : 

duration of eclipse ^^169 — degrees*= 

“ V 7 169—degrees* = f- V / ’ 169 — degrees*. 


In the case of a solar eclipse we find by an analogous process, and 
assuming half the sum of the diameters of sun and moon to be equal to 
35 minutes ; 

Measure of half the eclipse= ^35’—x degrees* 

- 2 _v/ ( 3 ~sr) J -degrees* = §' v ^64 — degrees* (approximately). 

A.nd for the duration of the whole eclipse in nadikas 

Duration = ^64—degrees* 


= | a/ 64—degrees’ (approximately). 



CHAPTER VIII. 


So lar - Eclipses, according to the Romaka SiddhAnta. 


1 . Multiply the ahargana by 150, deduct 65, and divide by 54787 ; 
the result is the mean longitude of the sun in due succession (i. e. revolutions, 
signs, etc.), according to the Romaka-Siddhanta, 

This rule follows immediately from the nature of the yuga acknowledged 
by the Romaka Siddhanta, as described in I. 15. Instead of the 

reduced fraction is employed. Sixty-five is the kshepa—quantity 
enabling the calculations to start from the epoch chosen. 

2 . The operation of finding the true places of the sun and the 
moon is performed by means of the quantities (about to be stated) measured 
for half signs of the anomaly of sun and moon, and arranged in direct as 
well as inverse order. Of the sun (the mean longitude) has to be deducted 
from half of Gemini, i. e., from two and a half signs. 

The Romaka Siddhanta calculates the equation of centre of the sun and 
moon for each half sign, i. e.. progressing from 15 to 15 degrees. The six 
quantities thus obtained for the first quarter of the circle are employed for 
the second quarter in the inverse order and so on.—In order to obtain the 
kendra, i. e., the anomaly of the sun we have to take the difference of his 
mean longitude and of the longitude of his apogee, which is estimated at 21 
signs = 75°. 

3. Twentyincreased in succession by fifteen, fourteen, ten and four, and 
diminished by six and fourteen are the minutes (which added up in succession 
give the amounts of the equation for 15° 30’ 45° etc). Eighteen and five 
seconds have to be deducted (from the first and second quantities) ; (to the 
four others) two, ten, sixteen, eighteen seconds have to be added. 

The six quantities indicated in the above stanza stand as follows : 
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34'42"; 33' 55" ; 30' 2"; 24'10"; 14'16"; 6' X8"; 
which added up give the following equations 


Anomaly 

15° 

30° 

45° 

o 

o 

75° 

90° 

Equation 

34' 42" 

68 ' 37" 

98' 39" 

122'49" 

137' 5" 

143' 23" 


4. Multiply the ah&rgapa by 38'900', deduet 1984, and divide by 
1040953 ; the quotient indicates the mean longitude of the moon. 


This rule follows immediately from the constitution of the yuga. 
assumed in the Romaka Siddh&nta (excepting the kshepa. quantity); 

5. Multiply the ahargana by 110, add 609, and divide by 3031 . the 
quotient gives the position of the moon’s kendra at sunset in Avanti. 

The assumption here is that the kendra of the moon.- performs 110' 
revolutions in 3031 s4vana days or, in other words, that the latter period 
contains 110’anomalistic months. 

6. One degree plus 14, 11 and 2 (minutes)'; four times eighteen (i. e.,. 
seventy-two) lessened by eight times three (24) ; five times six (30); and. 
sixty minus eight times six (12). The last two quantities are to be lessened. 

by one. 


A statement of' the 1 differences of the moon’s equation of the-centre,, 
taken from, fifteen to fifteen, degrees. By adding up the stated, quantities we 
obtain the following table 


Anomaly 

* 15" 

30° 

45° 

60° 

75° 

90° 

... I 

Equation ... i 

1° 14' 

2° 25' 

3.° 27' 

4° 15' 

4° 44' 

4° 56' 


7 . Thf. daily motion of the moon amounts to 790 minutes, that of 
the moon’s anomaly to 784. By taking the difference of the true motions 
(on two consecutive days) we obtain the past true daily motion, as well 
as the one during the coming night ( i . e. nychthemeron),. 
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8 . Multiply the ahargana by 24, add 56266 and divide by 163111 ; 
the result is the successive position (in revolutions, signs, etc.) of the head of 
Rahu (i. e., the moon’s ascending node), reckoning backwards from the end 
of Pisces ( = first point of Aries). 

Twenty-four revolutions of the node—whose movement is retrograde — 
are supposed to take place in 163111 savana days. 

9. As many n4dikas as there remain until midday, or else as many 
n&dik4s as have elapsed since midday, are to be multiplied by six. The 
thirtieth part of the corresponding sine is the displacement of the tithi, 
(i. e., the parallax in longitude). 

A rule literally agreeing with the corresponding rule of the Paulisa 
SiddMnta (VII. 1). 

10 . And from the nadikas which have elapsed since sunrise calculate 
the orient ecliptic point; from the latter plus nine signs (i. e., from the point 
called vitribha or tribhona) ascertain the degrees of declination. 

A rule for finding the highest point of the ecliptic, the so-called 

tribhona or vitribha, whose longitude is less by three—or more by nine_ 

signs than that of the orient ecliptic point.—In order to find the zenith 
distance of that point we have at first to determine its declination. 

11 . Multiply the sine of the difference of the orient ecliptic point, 
of three and of the node by two, and divide by sixty. The result in degrees 
is to be deducted from the declination (calculated above) if the directions of 
the two are opposite; while the two are to be added, if the result (and the 
declination) have the same direction. 

12 . If northern, (the declination so corrected) deducted from the 
terrestrial latitude—and, if southern, added to it—is to be considered as the 
southern (zenith distance of the tribhona); while if northern and greater than 
the terrestrial latitude it is to be viewed as northern (zenith distance). 

A process preliminary to the calculation of the parallax in latitude. 
What we require—and what generally is ascertained in Hindu Astronomy 
to that end—is the zenith distance of that point of the ecliptic which has 
the greatest altitude (vrhich point is called vitribha or tribhona); the sine 
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s 


of which distance is tech¬ 
nically called drikkshepa 
(T Z in figure 6 ; in which 
figure A C is the Ecliptic, 
a c the moon’s orbit, and 
FZTD the projection 
of a great circle passing 
through the pole of the 
Ecliptic, the zenith and 
the tribhona T, and cut¬ 
ting the moon’s orbit in 
t). 


The Romaka Siddh&nta however makes the amount of the parallax 
of latitude to depend not on the drikkshepa, but on the sine of t Z. In order 
to calculate this latter quantity it at first calculates t T. There having been 
ascertained d T i. e,, the interval between the tribhona and the moon’s node, 
the following proportion is established 

Rad : sin greatest latit. of moon = sin d T : sin t T. 

The greatest latitude being assumed equal to 240', we have 
sin t T = ^~^ =2 sin d T. 

The resulting minutes are turned into degrees by being divided by sixty. 

♦ 

To t T so found T Z ought to be added in order to find the zenith 
distance of t; but instead of T Z there is taken LZ which is known from the 
declination of L and the terrestrial latitude. 

13. Multiply the daily motion of the moon by the sine of that 
(zenith distance as found above), and divide by 1800; the result is the 
parallax in latitude. The mean measure of the sun is thirty minutes, that 
of the moon thirty-four. 
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14. Multiply the sine of the distance of the moon, which (at the 
moment of conjunction) has the same longitude (with the sun), from the node 
by twenty-one and divide by nine; take the sum of the result and of the 
parallax in latitude, if there is sameness of direction; and the difference of 
the two, if there is opposition. 

Rules for finding the parallax in latitude and the moon’s true latitude. 
The rule for finding the parallax is founded on the supposition that the 
greatest parallax is equal to the fifteenth part of the moon’s daily motion ; 
we therefore have the proportion 

Radius : daiiy :1 1 g° tl<, - ia = sin zenith distance of tribhona : parallax 


Parallax 


daily motionx sin zen. -diet. 
15x120" 


In order to find the latitude of the moon we at first establish the 
proportion 

Radius: sine of greatest latitude (= 270')=given sine of moon’s 
distance from node : desired latitude. 


We therefore have 


T ^ 4 .- 4 . __ 270 x sin distance_27 x sin diet._21 x sin dist. 21 x sin disfc. / . , , , 

-Liatit — 120 — 3 x 4 ~ 3 x 4 x 21 — — 3 T 3 —(approximately) 

27 


By increasing or diminishing the latitude so found by the parallax 
found above we obtain the true latitude. 

15. Multiply the true motion of the sun and the moon by their 
mean measure, and divide by the mean motion; the result Is the true measure, 
in minutes, of the two bodies at the given time. 

16. Deduct the square of the avanati (i. e. the latitude of the moon 
as corrected for parallax of latitude) from the square of half the sum of the 
measure of sun and moon. Prom the double square root of the remainder 
determine the time (of the eclipse), as in the case (of the calculation) of the 
elapsed portion of a tithi. 
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A rule for determining the duration of the eclipse. We at first take 
the right angled triangle of which half the sum of the diameters of sun and 
moon forms the hypothenuse, and the moon’s corrected latitude the perpendi¬ 
cular ; the base of this triangle represents half the time of the duration, 
expressed in minutes of arc. We then establish the proportion 

Minutes of difference of sun’s and moon’s motion.: 60 nadikas = minutes 
of arc of duration of eclipse: n&dik&s of duration. 

17. As many minutes as there remain on the corrected latitude being 
deducted from half the sum of the measures of sun and moon, so many 
angulis of the sun know to be obscured by the moon. 

18. Describe the circle of the sun with half his diameter and mark 
off from its centre the true latitude, in its appropriate direction. From 
the end of that latitude describe the circle of the moon with half her 
diameter, and thereby show the amount of obscuration. 



In diagram 7 A is the centre of the sun, 
B that of the moon, AB the moon’s true latitude. 
The obscured amount D C is therefore equal to 
Sun’s Radius minus A D ; which latter quantity is 
itself equal to the true latitude minus the Radius 
of the moon. Hence the obscured amount is equal 


to the sum of the two Radii minus the latitude.—The rule for delineating the 


eclipse, given in stanza 18 presents no difficulties. 



CHAPTER IX. 


Solar Eclipses according to the SCtrta Siddhanta. 


1. According to the Surya Siddh&nta the (mean place of the) sun is 
found successively (i. e., in revolutions, signs, etc.) by multiplying the ahargana 
by 800, deducting 442, and dividing by 292207; (the place so found is) 
for midday at Avanti. 

According to I. 14 the Sftrya Siddhanta teaches that 180000 revo 
lutions of the sun take place in 65746575 days. Hence the sun performs in a 
given ahargana 

which fraction reduced by 225 is equal to 


The kshepa quantity—442 is introduced in order to enable us to 
start in the calculation from the epoch of the Panchasiddhantika, viz, , 427 

S'aka. About its calculation see later on. 

2. Multiply the ahargana by 900000, deduct 670217, and divide 
by 24589506 ; the result is the (mean place of the) moon. 

From the elements of the yuga of the Sftrya Siddhanta as stated 
in the first chapter we deduce the number of the sidereal revolutions of the 
moon within that period, and thus obtain 2406389. In order to find the 
revolutions in a given ahargana we therefore should have to multiply the 
latter by 2406389 and divide—as in the case of the sun—by 65746575. 
These being however rather unwieldy numbers, 900000 is substituted for 
the former and 24589506 for the latter. The substitution involves an in¬ 
accuracy; for—as appears from an exact calculation the steps of which are 
exhibited in the Sanskrit Commentary on the above stanza — the motion of 
the moon within a given ahargana strictly amounts to 

90 0000 x a harg. 746166 x aharg. 

24589606 24589506 x 65746575 ' 
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The former quantity only is introduced into the general rule for finding 
the moon’s place ; the latter one is provided for by a special correction stated 
further on. — About the kshepa-quantity see later on. 

3. Multiply the ahargana by 900, add 2260356, and divide by 
2908789 ; the result is the place of the moon’s uchcha. 

The above rule implies that 900 revolutions of the moon’s uchcha 
take place in 2908789 savana days. Ascertaining therefrom the length of 
one revolution and the number of revolutions in one maMyuga, we find for 
the latter 488219. The expression for calculating the motion of the 
uchcha in a given ahargana would therefore be ( the denominator 

of the fraction being the savana days of a mahayuga). 

The fraction 1577917300 transformed (see Sanskrit Commentary) into 

«S5 + i 6775 T 7 SolT» 55789 » of which expression only the former term is employed 
for the general rule, while to make up for the neglect, of the latter a 
correction is stated in the next stanza. 

4. Multiply the revolutions of the moon by 51, and divide by 3120 ; 
deduct the result taken as seconds.—Also multiply the revolutions of the 
moon’s uchcha by 10 and divide by 297 ; the resulting seconds arp to be 
added to the moon’s uchcha. , 

This stanza states the corrections referred to above, which have to 
be applied to the mean places of the moon and her apogee as calculated 
according to the general rules embodied in stanzas 2 and 3. -r A calculation 
(about whose details see the Sanskrit Commentary) shows that, in order to 
make up for the terms neglected in the general rule, 3^0 seconds for each 
completed revolution have to lio deducted from the moon’s mean place; and 
that on the other hand ^' 7 seconds for each revolution have to be added to 
the place of the moon’s apogee. 

5. Multiply the ahargana by 270, add to it-, and divide by 

1834582 ; the result is the place of Rdhu in revolutions, etc. 

6 . Deducting this from 12 signs we have the head of Rdhu (i. e., 
the moon’s ascending node): while by adding six signs we have the tail of 
R&hu ( i . <?,, the descending node). The minutes of arc intervening between 
R&hu and the moon (serve to calculate) the moon’s latitude; 270 minutes (are 
the greatest latitude). 
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The above rule for calculating the place of the moon’s node requires 
the assumption of 23,2226 revolutions of the node in a mahiyuga ; for in that 
case we have the proportion o o ~> which may he reduced to igf^gg- 


The line stating the kshepa quantity of R&hu is too corrupt to lend 
itself to emendation ; we may however in this place state the principles 
on which all the kshepa quantities given in the preceding stanzas of this 
chapter are calculated. They of course all have the purpose of throwing 
the rules for finding the mean places into a shape enabling us to begin our 
calculations not from a very remote period—which would oblige us to use 
inconveniently large multipliers and divisors--but from the epoch of the 
Paiichasiddhintikd, viz., 427 S'aka. From tentative calculations it appears 
that the kshepas exhibited by Varalia Mihira are calculated, not from the 
beginning of the Kaliyuga or the Mahayuga, but from the beginning of the 
Kalpa. We therefore have to form the ahargana from the beginning of 
the Kalpa down to 427 Saka (cp. the Sanskrit Commentary and also Jour. 
Asiat. Soc. of Bengal vol. LIII. 1884 p. 268 ff), and to treat that ahargana 
according to the general rules for calculating the mean places. We thus find 
■ that the place of the sun at the epoch of the Pahchasid cfhantik& was 

- ikwr' But as the Shrya Siddhanta makes all its calculations for 

midnight, while Varaha Mihira declares that the rules given by him are 
adapted to midday, we have to deduct a further amount equal to the sun’s 
motion during half a day ( — Yxlsifm = ~ 2&To T~') an< ^ ^hus finally obtain 
— 2922 b’ which agrees with the kshepa stated in the text.—Calculating the 
moon’s position at the epoch in an analogous manner, and again making an 
allowance for the moon’s motion between midday and midnight, we obtain 
for the kshepa—670197, which differs by an inconsiderable amount only 
from the kshepa stated in the text, viz. —670217.—And finally applying the 
same process, to the moon’s uchcha we find for its kshepa 2260355, which 
differs by one only from the quantity stated in stanza 3, 


7—8. By deducting eighty degrees from the sun’s longitude the 
anomaly is found, and the moon’s anomaly by diminishing her longitude by 
that of her apogee. Multiply the sine of the anomaly by fourteen in the 
sun’s case, and by thirty-one in the moon’s ease, and divide by 3.60 ; take the 
arcs corresponding to the results.. Put the arcs down in two places. The 
result which follows from the calculation for the moon is subtractive in the 
first half of the circle and additive in the second. 
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The longitude of the sun’s apogee is assumed to amount to 80°, and 
the circumferences of the epicycles of sun and moon to 14° and 31° respect¬ 
ively. —-The direction to put down the result in two places seems due to the 
circumstance that it is employed also- in the calculation taught in the next 
stanza. — What, in the latter half of the second stanza, is- said about the 
moon’s equation, is valid for the sun’s equation as well. 

9. Multiply the sun’s equation, which had been put down separately,, 
by the sun’s daily motion, divide by 216-00, and treat the result in the ease- 
of the sun as in the previous process (i. e., add it if the equation of the centre- 
was found to be positive, and subtract it in the opposite ease). Proceed in 
the case of the moon analogously to the operation in the case of the sun.. 

A rule for calculating the so-called bhujantara equation, by means of 
which the places of sun and moon are found for true noon.. 

10 . From 53§ yojanas to the east or west (of the prime meridian), 
there results one nudika which has to be deducted or added respectively. 

The above rule for allowing for difference of terrestrial longitude 
bases on the assumption of the earth’s equatorial circumference being equal to. 
3200 yojanas. We then have the proportion 

3200 yoj.: 60 nudikiis = 5 3-}, yoj,: one nadikl 

I I. The mean daily motion of the moon amounts to 790''34", that of 
the sun to 59' 8". 

12 . Seven minutes minus one-third ( = 6' 40") is- the daily motion of 
the moon’s apogee. The mean motion of the moon lessened by that of the 
apogee is the motion of the anomaly. From the latter the true motion is to- 
be calculated. 

13. Multiply (the motion of the anomaly) by the difference of the 
sines of anomaly, -and divide by 225 ; reduce the result (to terms of the- 
epicycle). The are of the result is to be deducted from the mean motion in 
the six signs beginning with Capricorn, and to be added, to, it in the six signs; 
beginning with Cancer.. 

14. The result is to be known as the true daily motion at the time- 
(which is thus ascertained) from the difference (of the places on two consecu¬ 
tive days) of the moon.—Multiply the mean motion by the Radius and divide 
by the true motion; you thus obtain the true hypothenuse.. 
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The process here described for finding the true motion of the moon is 
the same as the one taught in the modern Stirya Siddh&nta II. 47—49 and 
therefore requires no detailed elucidation. The “reduction” of stanza 13 
means that we have to multiply the result by the degrees of the epicycle and 
to divide by 360.—The rule for finding the variable hypothenuse is founded 
on the consideration that the more the motion decreases the more the distance 
(variable hypothenuse) increases, 

15. The true hypothenuse multiplied by 5347 and divided by 120 
gives the kakshl of the sun; the true hypothenuse of the moon multiplied 
by 3 gives the kakshi of the moon. 

By the term ‘ kakshi,’ which in later terminology (also in that of the 
modern Sftrya Siddhanta) denotes the orbit of a planet, we have in the above 
rule clearly to understand the distance of the planet from the earth in yojanas, 
The rule thus teaches how to calculate from the true distance of the planet 
expressed in terms of the Radius—which wa§ found in stanza 14—the true 
distance in yojanas (the later so-called sphuta-yojanakarpa). The mean 
distance of the sun in yojanas is put equal to 5347, that of the moon to 360 

/360 _ o \ 

\Ead=i20 ° )• 

16. Take 5147080 for the sun and 333640 for the moon and, in order 
to find their (apparent) dimensions for a given time, divide those two quantities 
separately by the true distances in yojanas, 

A rule for finding the apparent diameters of sun and moon at a given 
time,—If we divide 5147080 by the mean distance of the sun in yojanas as 
given in stanza 15, we get 962,6 which according to the tenour of the rule 
ought to be the mean diameter of the sun. But 962.6 can represent that 
quantity only if it be divided by 30, when we obtain 32' 5."2 for the mean 
diameter. The rule for finding the true diameter then stands as follows: 

Multiply the mean diameter by the mean distance and divide by 
the true distance 

• 962.6j<_5347_ . 5H 7080 

' * f 30 x true disfc. 30 true diet. 

(the brne diameter decreasing in the same proportion as the true distance 
increases). But for some reason or other the text—provided it be correct— 
does not mention the divisor 30,—The rule for finding the true diameter of the 
moon is analogous, and we there also miss the mention of the divisor 30, 



( 59 ) 


The mean measure of the diameter is supposed to be hence the true 


measure = 


926.8 x 360 


30 x true dist. 


33 3640 _ 

30 x true dist. 


17. The degrees, which correspond to the time by which the end of 
the tithi is separated from noon, and which are calculated by the (times of) 
the rising of the signs in the right sphere—the signs being taken in reverse 
order—are, in the eastern hemisphere, to be deducted trom the sun’s longi¬ 
tude, and to be added, in due succession, in the western hemisphere. 

18. That (which is thus found) is what is called the madhyalagna 
(t. e. the point of the ecliptic on the meridian). Find the degrees of the arc 
of declination of that point, and either deduct them from—or add them to— 
the latitude; the sine of that sum—or difference—is called the middle sine 
(nmdhya). 

A rule for finding the soealled madliya-jya i. e., the sine of the 
zenith-distance of the madhya lagna, i. e., that point of the ecliptic which 
at the time is on the meridian.—First the longitude of the madhya-lagna is 
found from the natak&la, i. e., the time intervening between the moment of 
conjunction and noon. We calculate from that time the corresponding 
degrees of the ecliptic, and deduct.them from—or add them to—the sun’s 
place, according as the sun is in the eastern or western hemisphere.—The sine 
of the madhya-lagna’s zenith distance is thereupon found without difficulty. 

19. Multiply the sine of the longitude of the lagna of the end of the 
tithi by the sine of greatest declination, and divide by the sine of colatitude. 
Multiply the result by the sine of the zenith-distance of the point of the 
ecliptic on the meridian (madhya-jya) and divide by Radius. Square the result. 

20. Deduct it from the square of the madhya-jya, and put the 
difference down in two places. Take its square root; thus yon obtain what 
is called the sun’s drikkshepa (i. e. the sine of the zenith distance of the 
tribhona lagna). For better remembrance sake put it down separately. 

21. Deduct the square of the drikkshepa from the square of the 
Radius; multiply the square root of the remainder by the sine of the dis¬ 
tance of the sun from the orient ecliptic point, and divide by the Radius ; 
the result is the sine of the altitude (S'aiiku) of the sun. 
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22. From the square, which above had been put down in two places, 
deduct the difference of the squares of the socalled angulis of altitude and the 
Radius; take the square root of the remainder, multiply it by eighteen, and 
divide separately by the distances of the sun and the moon. 


23. From the difference of the degrees (of the arcs corresponding 
to the two last results) (ascertain the true end of the tithi), in the same way 
as in the case of the tithi { i. e., in the same way as the past and the remain¬ 
ing part of a tithi is ascertained)", with the end of the tithi {so found) perform 
again the same operation. The time ascertained is thus to be inquired into 
(i . e., tested and corrected), until no difference remains. 


The above five stanzas teach the method of calculating the parallax 
in longitude (lambana). We first ascertain the sine of amplitude of the 
orient ecliptic point (B C in figure 6) by the formula 


Sin amplit.= 


R x sin great, dcclin. x atn longit, of lagna _ sin great, dedin. x sin longit. lagna 

It x sin. -co lab. ' sin colat. 


By multiplying the sine of amplitude thus found by the madhyajya 
(Z L) and dividing by Radius we obtain the sine of that are of the ecliptic 
(T L) which is intercepted by the meridian and the vertical circle passing 
through the nonagesimal (T). From this and the madhyajya—and treating 
the small spherical right angled triangle T L Z like a plane triangle—we find 
the drikkshepa (T Z) i. e., the sine of the zenith distance of the nonagesimal. 
By deducting the square of the drikkshepa from the square of the Radius and 
taking the square root of the remainder we obtain the cosine of the drikkshepa 
(T D) i e., the sine of the altitude of the nonagesimal. From this we find 
the sariku, i. e., the sine of the sun’s altitude (mG-; m being the place of the 
sun) by means of the proportion 

• Radius : sin altit. nonag. = distance of sun from lagna: sin altit. sun. 
Deducting the square of the latter from the square of the Radius we 
obtain the square of the sine of the sun’s zenith distance (tnZ). We deduct 
from this latter square the square of the drikkshepa (Z T) and take the square 
root of the remainder; the result is (according to spherical trigonometry) 
equal to the product of the sine of T m (i. e., the arc of the ecliptic inter, 
eepted by the latitude—circles of the nonagesimal and the sun) and the cosine 
of T Z (Radius being put equal to unity); which product itself is equal to the 
sine of Z F i. e., the arc drawn from the zenith at right angles to P'm, 
P' being the pole of the ecliptic). We then establish the proportion 
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Sin Z m: sin opposite angle (which sine= Radius) = sin Z F: sin opposite 
angle, and thus find the sine of z_ Z m F which is equal to the cosine of 
iTmZ. Now assuming m M to be the vertical parallax, and treating mMn 
as a plane right angled triangle, z_Mmn=z.TmZ; and z. m M n being the 
complement of l. M m n, cos M m n = sin mMn=cos TmZ. 

We then finally have the proportion 

Radius (i. e., sine of i_ m n M) : sine of m M=sine of i_ m M n : sine 
of mn (i e., parallax in longitude). 

Now in the above proportion the sine of m M may be found from the 
greatest vertical parallax by means of the proportion 

R: sin greatest vert, parallax = sin given zenith-distance: sin desired 
vertical parallax; which (Z M being taken as equal to Z m from which it differs 
but little) gives 

Sin desired vert, parallax (m 


The sine of the greatest vertical parallax being equal to the product 
of the earth’s radius and the tabular Radius, divided by the planet’s distance, 
and the abridged diameter of the earth being equal to 36 (about which see 
later on) we have 

sine great. paralL= jSE ~^G55 t- 
We thus have 


sin m M = 


sin. great;, parall. x sin Z ra 

s : 


18 x sin Z m 
disb. plan. 


Sin l. m M n = 


sin Z F x R 


Sine of parallax in longitude = sin mn = 


Tsin m M x sin Z m M n_18 x sin Z m sin /_ ra M n 


R diet. plan. 

18xsinZm v sin ZFxR 18 sin Z F 


' disfc. plan, x R 


sin Z rn 


‘ dist. plan. 


; as in the text. 


In this manner the sines ’of the parallaxes in longitude are found 
separately for sun and moon. Thereupon the corresponding arcs are taken, 
and from their difference the correction is ascertained which has to be applied 
to the time of the conjunction. This is done by multiplying the difference 
by sixty, and dividing by the difference of the motions of sun and moon. 
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24. Multiply the drikkshepa—derived from the same time—by 18, 
and divide by the true distance of the sun and the moon; the degrees of 
the arc of the difference of the two results represent the parallax in latitude, 
whose direction is determined by that of the madhyajya. 

25. By means of the sines calculate the latitude of the moon for that 
moment, and add it to—or deduct it from—the parallax found above; 
the result is the true parallax, in latitude. Then you may declare the 
duration of obscuration according to the dimensions. 

A rule for calculating the parallax in latitude. The proportion is 

Radius : sin greatest parall. = drikkshepa : sin desired parall. in latit. 

Sin desir. parall. = The remainder requires 

no comment. 

26. Deduct the square of the avanati from the square of half the 
sum of the measure of sun and moon. From the double square root of the 
remainder determine the time (of the eclipse), as in the case (of the calcu¬ 
lation) of the elapsed portion of a tithi. 

Compare chapter VIII, stanza 16 . 

27. The difference of the displacement of the tithi (i. e., the parallax 
in longitude) as calculated for the beginning of the eclipse and of the half dura¬ 
tion (gives the true half duration of the eclipse); if the eclipse takes place in 
the western hemisphere, the parallax has to be added. We proceed in an 
analogous manner with regard to that half of the duration which precedes 
the separation. 



CHAPTER X. 


Lunar Eclipses, according to the S^rya Siddhanta. 


1 . Multiply the true distance of the sun by 90, and divide by 276 ; 
the result is to be employed as the divisor of the true distance of the moon 
multiplied by 36. Deduct the result from 36. 


2 a. Multiply the remainder by 120, and divide by the true dis¬ 
tance of the moon ; the corresponding arc is the diameter of the shadow. 


A rule for calculating the diameter of the true shadow. Let S 



of the path of the shadow, on n half the diameter of the true shadow which— 
D m being drawn parallel to F n —is equal to F D. E u being drawn parallel 
to E t, we have the two similar triangles u S E and E D to, in which 
S u is equal to the Radius of the sun minus the Radius of the earth, 
i. e. (the abridged diameters of the sun and the earth being put equal 
to 146 and 36) to 73«-18= 55 ; henceE D 


. 55 xtrue diet, of moon. 


true dirt, of sun 


55 x true dist. moon x 90 
true dist. sun x 90 


55x90 

276 


x true dist. moon 


~§8"x'true dist. sun 

m 


18 x true dist. moon 
90 xtrue dist.sun 
276 “. 


The quantity so found being deducted from eighteen, i. e., the Radius 
of the earth, we obtain the value of D E.—The process prescribed in stanza 
52 has the purpose of expressing the half diameter—so far found in yojanas— 
in minutes of arc.—In order to double the result (so as to find the 
whole diameter), 36 is substituted for 18 in the above expressions. 
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2 b. Divide the sum of the diameters of the moon and the shadow 
by 2, and take the square (of the quotient ); 

3. Deduct therefrom the square of the latitude, and take the 
approximate square root. Multiply the latter by 120, and divide by the 
difference of the motions of sun and moon; the result are the nadikas of 
the duration of the eclipse. 

4. Calculate therefrom the latitude of the moon at the moment 
of first contact, and therewith again, in the manner described above, the 
duration of the eclipse. Repeat this operation again and again, until there is 
no longer any difference with regard to the duration. 

A rule for calculating the duration of a lunar eclipse. At first we 
calculate the socalled bhuja, which is one of the sides of a right angled 
triangle, of which the hypothenuse is formed by the sum of the Radii of 
naoon and shadow, and the other side by the latitude of the moon at the 
moment of contact. As however that latitude is not yet known, the 
moon’s latitude at the moment of conjunction is substituted for it. 
Thereupon a proportion is established 

Minutes of difference of motion of sun and moon: 60 nMik&s=minutes 
of bhuja : half duration of eclipse 

•'• H alf duration = and 


Duration = 


120 x bhuja 
minutes of di& 


As we now know the longitude of the moon at tjie time of the first 
contact, we calculate the latitude for the same moment, and therewith again 
determine the bhuja and the duration. This process is repeated, until the 
results no longer differ. 


5. Multiply the difference of the motions of sun and moon by 
the given n&dMs, and divide by sixty. Take the difference of the minutes 
of that (result) and of the minutes of duration (as calculated above), and 
further take the latitude of the moon at the given time ; 
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6. Deduct tlie square root of the sum of the squares of those two? 
quantities from half the sum of the measure, expressed in minutes, etc., 
of the moon and the shadow. The remainder indicates the part of the 
moon or the sun which is obscured at the time. 

A rule for finding 1 how large a part of the moon (or sun) is obscured 
at a given moment.—We calculate for the given moment the bhuja and the 
latitude of the moon; the square root of the sum of the two quantities, is 
the distance of the centres of shadow and moon at the given time. The 
difference of this latter quantity and the sum of the Radii of the two 1 
bodies indicates the amount obscured.—Mutatis mutandis the same rule 
may be used for calculating how large a part of the sun is obscured at a 
given moment of a solar eclipse. 

7. Take (1) half the difference of (the diameters of) the eclipsed 
and the eclipsing bodies, and (2) the latitude ; multiply the square root 
of the difference of the squares of those two quantities by two and treat 
it in the manner of the tithi. The result is the time of complete obscuration 
of the sun and the moon. 

The above rule for calculating the time of complete obscuration is 
analogous in every way to the rule—given above—for finding the time of the 
duration of the eclipse, and therefore requires no special comment. 



CHAPTER XI. 


{On THE PROJECTION OR ECLIPSES ACCORDING TO THE SCrYA SiDDHANTa). 


1. By means of a staff, on which the angulis are marked, describe 
a first circle with a Radius equal to the sum of half (the diameters of) the 
obscuring and obscured bodies, and mark on it the different directions. 
Describe a second circle with half the diameter of the obscured body. 

2. Multiply the sine of terrestrial latitude by the versed sine of 
the degrees intervening between the moon and the zenith; add the degrees 
corresponding to the 120th part (of that product) to the north or south 
respectively in the eastern and western hemispheres. 

3. Add three signs to the longitude of the moon, and treat the 
corresponding degrees of declination according to their direction. Thus the 
east-west direction is ascertained; the north and south points are to be 
determined therefrom by means of a fish-figure. 

4—5. Draw a line, representing the moon’s latitude, in the direction 
opposite (to that latitude), which extends up to the east-west line and 
cuts the second circle. The first contact takes place at the point where a 
line drawn from the centre cuts the other circle (viz. the circle representing 
the eclipsed body). The point of separation also is to be determined 
analogously, in the opposite way; in ascertaining the direction one has to start, 
in one’s considerations, from the moon at thc-moment of separation. 

Rules for calculating the valana (deflection), iksha as well as ayana, and 
for drawing a projection of the eclipse. The rules altogether agree with those 
of the modern Shrya Siddh&nta. For the details see the Sanskrit Commentary. 

6. On the horizon two minutes (of the diameter of some heavenly 
body) go to one anguli; while three go to it (when the heavenly body is) 
in the zenith. If the body is placed between (the horizon and the zenith), 
a proportionate calculation is to be made, to the end of bringing about 
agreement between observation and theory. 



CHAPTER XII. 


Paitamaha Siddhanta. 


f. According to the teaching of Pitamaha five years constitute a 
yuga of the sun and moon. The adhimasas are brought about by thirty 
months, and an omitted lunar day (avama) by sixty-two days. 

2 . Lessen the time of the S’aka king- by two, and divide by five ; 
with the remaining years form the ahargana, which begins with the light 
half of Mtlgha. The ahargana begins with the day, viz., from sunrise. 

In the quinquennial lunisolar yuga of the Pait&maha siddhanta 
one adhimasa is comprised within each period of thirty solar months, and 
one avaiha, i. e., omitted' lunar day within each period of sixty-two days. 

According to Stanza 2', which directs us to- deduct two from the num¬ 
ber of elapsed Saka years, a new yuga began with 2 S'aka elapsed. 

3. If the ahargana is increased by its- own sixty-first part, the- 
result are the tithis. If it is multiplied by nine and divided by 122,. the- 
result is the nakshatra of the sun. Multiply the ahargana by 7, divide by 
610, and deduct (the result from the ahargana); the result is the lunar 
nakshatra, counting from Dhanishthd. 


Rules for calculating the tithis contained within a given ahargana, 
and the nakahatras in which the- sun and the- moon are at a given time.— 
The yuga comprising 1830 savana days, and at the same time 1860 
tithis, the number of tithis t>f a given ahargana= 6 ' = 


ahargana + 


ahargana 

— ST*"* 


As the sun revolves in one- yuga five times through the twenty- 
seven nakshatras, the nakshatras through which he passes during a given 


i 27 x 5 x ahargana „ 

ahargana = 1830 ~ - 


- 9 * aharg, a 


122 


As the moon passes in one yuga through 2 7 x 67 nakshatras (the- yuga 
comprising 67 sidereal revolutions of the moon), she passes within a given 


ahargana through = — = 603 ^ ar8 - = aharg. 


7 aharg 
6X0 
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The nakshatras are to be counted from Dhanishthd, in which sun and 
moon are in conjunction at the beginning of the yuga. 

4a. [See the Sanskrit Commentary]. 

4b. Multiply the ahargana by 12, and divide by 305 ; the result are 
the vyatipatas. 

A rule for finding how many of the yogas called vyatipatas have oc¬ 
curred within a given ahargana. There are 27 yogas which are calculated by 
dividing the sum of the longitudes of sun and moon by 27. At the begin¬ 
ning of the quinquennial yuga sun and moon are in conjunction at the begin¬ 
ning of Dhanishth& or—which is the same—at the end of S'ravana. The 
longitude of each therefore amounts to 22 nakshatras—if we count in the 
ordinary way from Asvini—, and the sum of their longitudes to 44 nakshatras. 
Forty-four being divided by 27, the remainder (=17) indicates that the yoga 
at the beginning of the yuga is the 17th of the series, i. e., Vyatipata. Now 
in one entire yuga the accumulated longitude of the sun amounts -to 5 x 27 
nakshatras, and that of the moon to 67 x 27 nakshatras; hence the sum of 
the two to 72 x 27. Dividing this sum by 27, the quotient 72 indicates how 
many vyatipatas take place in one yuga. Hence the proportion 

1830 ( = days of yuga): 72=given aharg. : x— 

* _ 72 x aharg. 12 x aharg. 

.. X— 1830 — 306] 

5. Add to 732 those days of the northern progress of the sun 
which are passed, and in the case of the southern progress those days which 
are yet to come ; multiply by 2 and divide by 61; the result is the measure 
of the day minus twelve. 

A rule for finding the length of any given day of the year. The 
supposition being that the length of the shortest day is twelve muMrtas, 
and that of the longest day eighteen muhfirfas, and each ayana comprising 
183 days, the length of any day of the year is found by adding to twelve 
the product of six and the number of the day, divided by 183. In the case 
of the uttar&yapa the number of the day is counted forward from the winter 
solstice, while in the case of a day in the dakshiphyana it is counted back¬ 
ward from the same point of time . We then transform the expression for 
the length of the day in the following manner 

to » 6xgivenclay__ 10 , 2 x day_ 0 A . 2xday 1 0 ___ 24 x 61+2 xday 

12+ 183 —12+-^—-24 + -^-12- 61 - 

= --(12x61+ day) -12=gf-(732 + day) -12. 


12 



CHAPTER XIII. 


On the constitution of the Universe. 


1. The round ball of the earth, comppsed of the five elements, abides 
in space in midst of the starry sphere, like a piece of iron suspended between 
magnets; 

2 . Covered on all sides with trees, mountains, towns, groves, rivers, 
oceans and other things.—In its middle there is Sumeru, the abode of the 
gods. Below ( i . e. at the pole opposite to Meru) there are placed the 
Asuras. 

3. As the reflections of men standing on the brink of water are 
seen with the faces downwards, so the gods consider the condition of the 
Asuras to be; and those on their part deem the gods to be below. 

4. Just as here in the region of men the flame of the fire rises up¬ 
wards into the air, and as a heavy object when being thrown falls to the 
earth; so it also happens below there in the "region of the Asuras. 

5. Straight above Mem in space one pole is seen; the other pole is 

seen below, placed in space. Fastened to the poles the sphere of the stars 
is driven round by the pravaha wind. , 

6. Others maintain that the earth revolves as if it were placed in a 
revolving engine, and not 5 the sjjkere ; if that were the case, falcons and other 
(winged creatures) could not return from the ether to their nests. 

7. And, to mention another argument, if the earth revolved in one 
day, flags and similar things would, owing to the quickness of the revolution, 
stream constantly towards the west. If the earth, on the other hand, moves 
slowly, how does it revolve (once within 24 hours) ? 

8. If, in agreement with the doctrine of the Arhat, there were two 
suns and moons rising by turns, how then is it that a mark made in the polar 
constellation by means of a line drawn from the sun revolves within one day ? 
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The Jaina doctrine is that there are two suns, two moons, etc, rising on 
alternate days. But if we at sunset draw a line from the sun to the constel¬ 
lation of the polar fish, we observe that that point of the constellation which 
the line reaches, i. <?., a point on its western side is on the next morning reached 
by a line drawn from the rising sun ; hence we conclude that the constellation 
as well as the sun performs one complete revolution within 24 hours. 

9. For the gods the rising sun, when at the first point of Aries, 
revolves to the right, moving in the horizon; at Lanka he then revolves right 
overhead; and in an opposite direction (viz. to the left in the horizon) for 
the Asuras. 

10 . At the end of Gemini the sun revolves for the gods at the 
height of 24 degrees above the horizon, while at Avanti he then moves right 
overhead. 

11 . In the same place there is then no shadow at noon, while the 
shadow falls towards the north for all who dwell to the north of Avanti, and 
to the south for the inhabitants of the countries south of Avanti. 

12 . Those who have maintained that for the gods dwelling on Meru 
it is day as long as the sun stays in Aries, Taurus and Gemini, but night 
when he is in Cancer, Leo and Virgo, to them reverence is due indeed ! 

13. In the very same places, in which the sun goes to the north from 
Aries, he moves when returning from the north; how then should he be visible 
at one time and invisible at another, while all along he is in the same region ? 

A criticism on those—unknown—authors who were ignorant of the fact 
that the sun while in Cancer, Leo and Virap describes the same day circles, 
in reverse order, which he had described while in Aries, Taurus and Gemini. 

• 

14. In the visible half of the sphere there are three signs, extending 
from the middle of the sky (down to the western horizon); they contain ninety 
degrees. The same divisions are to be assumed from the rising (i. e. the 
eastern horizon, up to the zenith). 

15. One degree answers to nine yojanas minus one ninth of a 
yojana (on the earth); this fact is manifest to those, who dwell on the same 
meridian, from the deflection (of the heavenly bodies) from the zenith. 
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16. Thus there is effected by ninety degrees (a difference of) eight 
hundred yojanas. What is sunrise for one observer is noon (for another 
observer) in a piace distant to that extent. 

The circumference of the earth being equal to 3200 yojanas, 9 — i 
yojanas correspond to one degree, and 800 yojanas to 90 degrees. 

17. Ujjayini, is near to Lanka, being situated to the north on the 
same meridian ; hence the noon of the two places occurs at the same time ; 
hut their days are unequal (in length) with the exception of the equinoctial 
days. 


18. Three thousand two-hundred yojanas are the measure (of the 
circumference) of the earth. The sun when at the equinoctial point revolves 
round so much of the earth from Meru as centre. 

The sun when moving in the celestial equator revolves round the 
terrestrial equator, of which Meru is the pole. 

19. Going 586f yojanas north from Avanti we reach the middle of 
the earth (Meru); so also by going 800 yojanas to the north from Lank&. 

Uj jay ini has 24° northern latitude, is therefore 66° from Meru. The 
distance in yojanas is then found by a simple proportion. 

20 . In any country, by as many degrees as the pole is raised above 
the horizon, by so many degrees the sun is depressed from the zenith to the 
south on the day of the equinox. 

21 . If we go 373^ yojaaps north from Ujjayini, this whole sphere 
(as described above) comes to an end, 

* 

22 . There the sun is once seen for 60 n&dik&s after his rising. The 
farther (we proceed towards the north), the longer (the day becomes), until 
at Sumeru we have a day six months long. 

We find by an easy calculation that going 373| yojanas north from 
Ujjayini we reach 66° northern latitude. In that latitude the last point of 
Gemini—whose northern declination amounts to 24°—revolves in a day circle 
which is raised in its whole extent above the horizon; and the sun, when he 
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has reached the end of Gemini, hence remains visible for a whole day of 60 
nadik&s. In that latitude therefore the sphere becomes different from the 
sphere described hitherto. At Meru six signs revolve constantly above the 
horizon, and the sun is therefore constantly visible as long as he stays in those 
six signs, i. e., for six months. 

•f 

23. If we go 403- 9 - yojanas to the north of Avanti, the two signs* 
Sagittarius and Caper never become visible. 

24. If we go from the same place (i. e. Avanti) somewhat more than 
482 yojanas to the north, Scorpio, Caper, Aquarius and Sagittarius never 
rise. 


25. And if we go 586—■§• yojanas (to the north of Avanti), the latter 
half of the sphere (Libra to Pisces) never rises, while the former half (Aries 
to Virgo) never sets. 

The above statements base on the assumption that Sagittarius and 
Caper do not rise above the horizon in 69°24' northern latitude; Scorpio and 
Aquarius in 78°15' northern latitude; and the whole latter half of the 
ecliptic in 90° northern latitude. 

The corresponding yojanas of distance from Avanti are easily found 
by proportion, 

26. The people at Lanka see the polar star in the horizon ; those on 
Meru in the zenith ; those dwelling between see it between (the horizon and 
the zenith). 

27. For those who dwell on the baqfc of Mem the sun once risen 
remains visible for six months, while he moves in the six signs beginning with 
Aries ; for the Asuras he is visible as long as he is in the latter (half of the 
ecliptic). 

28. For them (viz. the gods) the first point of Aries constantly is the 
ecliptic point on the horizon; and the dreshk&na as well as the trim&tmga, 
the (so-called) ninth part and twelfth part all belong to Mars. 

Mars being, in astrological parlance, the Lord of Aries, all the sub¬ 
divisions of Aries also belong to him, i e., are ruled by him; 
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29'. Beneath, the equinoctial circle is Lanka; there the sphere is rights 
Day and night there are always, of the same length, vis., 30 nadikas. 

30. Having, by means of water, levelled a raised surface, on which 
the directions are marked, and having- plaeed on its southern side a gnomon 
of the same measure as. the surface 

31. The observer, placing his eye at the base of the straight gnomon, 
is to incline it in, such a way, that the top of the gnomon is. in the straight line 
joining the eye and the pole- star. 

32. At Lanka this observation is performed with a gnomon lying flat 
on the surface, on Sunaeru with one standing upright, and in the intermediate- 
regions with one inclined more or less. 

33. The perpendicular (‘from the end of the' gnomon to the surface) 
represents the sine of latitude ; the distance of that perpendicular from the- 
base of the gnomon—which indicates the north-south line—represents the 
sine of colatitude. 

34'. By such means the learned, confidently determine the centre of 
the earth or the measure of the whole earth, just as we ascertain the taste, 
(of all salt) by drinking a little water mixed with salt.. 

A method for determining:; the elevation of’ the pole above- the horizon,, 
i. e., the terrestrial latitude, and similar matters. 

35 . Of the moon whieh is constantly placed below the sun one half 
is illuminated by the sun’s rays, while the other half is obscured by the moon’s, 
own shadow; as is. the case with a jar standing, in the sun light. 

36. The ray# of the sun, being-reflected iom the moon which con¬ 
sists of water, destroy the darkness of the night, just as the rays of the sun 
falling on the- surface of a mirror destroy the darkness, inside a house. 

37 . As the moon daily changes her position with regard to- the sun,, 
her illumined part increases, just as. in the afternoon more and more of the 
western side of a jar is lit up. 

38. This holds good' from the end' of the dark fortnight, while the 
dark part of the moon increases from the end of the light fortnight. Those; 
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who live on the hack of the moon see the sun during one half of each lunar 
fortnight, since there is no shadow (obscuring the sun to them) to the extent 
of three signs on each side (of the conjunction). 

39. Above the moon there are Mercury, Venus, the Sun, Mars, 
Jupiter and Saturn (in succession), and then the stars. All planets move to¬ 
wards the east with the same velocity, each in its own orbit. 

40. As the interstices between the spokes of an oil-press are small on 
the have and large on the outer circumference, so the distances of the signs 
from each other become larger and larger, the higher we ascend from the earth. 

41. The moon which is placed (farthest) below the sphere of the 
stars revolves quickly in her small orbit; Saturn which is placed highest 
above revolves in his large orbit with the same velocity, 

42. The planets arranged in the ascending order upwards from the 
moon are the Lords of the months (in succession); in their descending order 
downwards from Saturn, they are the Lords of the hours ; if we take each 
fifth member of the ascending series we have the Lords of the days. The 
Lords of the years are clear (as explained in the first chapter). 



CHAPTER XIV. 


On Astronomical Instruments, Observations and the Like. 


1. Draw upon the ground a level circle with a diameter one hundred 
and eighty ahgulis long, and mark upon its circumference the signs (degrees, 
etc.) at equal distances, and also the degrees of declination (of the signs). 

2. Further describe from the centre (of the first circle) three other 
circles, taking for their Radii the strings running (at right angles) from the 
string, which marks the north-south line, to those points on the circumference 
of the first circle where the degrees of declination (of the signs of the 
ecliptic) are marked ; and mark those circles with the degrees, as you did with 
the first one. 

3. Thereupon draw a line from the centre towards the latitude (a. e. 
that point of the first circle which marks the latitude of the given place), and 
lengthen it up to the sphere. Take that piece which is due to the declina¬ 
tion (of a given sign of the ecliptic) and is intercepted by the line of latitude 
and the north-south line; 

4. Double it and mark it off on the circle belonging to that sign; 
multiply half the degrees of the corresponding arc by ten. The result 
represents the vin&dik&s of ascensional difference in the case of the first sign; 
in the case of the two other signs the vinadikds come out mixed. 
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The above stanzas teach how to find the ascensional difference for any 
given latitude without calculation, by the mere inspection of a kind of diagram. 

F 'g- 9 - —In diagram 9NESW represents the 

first circle whose circumference is sup¬ 
posed to be divided into 360 degrees. 
We further mark off on the cireumfer- 
enee the degrees of declination of the 
first three signs of the ecliptic, the de¬ 
clination of Aries= Wa' that of Taurus 
= Wt', that of Gemini= Wg' and then 
draw the perpendiculars a' a, t't, g' g 
on NS- Taking these perpendiculars 
as Radii, we describe from the 
centre C three circles (of which the 
diagram however represents only one, 
viz., that one whose Radius = a a'). 
We then lay off from N the degrees of 
the latitude of the given place = N P, draw the perpendicular P1 and join P C. 
Comparing the similar triangles PCI and d C a we establish the proportion 

Cl ( = sine of colatit. given place): PI (=sine of latitude) = Ca 
( = sine of declination of Aries): ad (=ascensional difference for Aries). 

Doubling a d and applying it as a chord (d'd") to the day circle of 
Aries, we take—from an inspection of the degrees marked on the circumfer¬ 
ence—the degrees of arc corresponding to half that chord and, in order to 
turn them into vinadikas, multiply them by ten (one degree = nadika= 10 
vincidik&s).—In the case of Taurus and Gemini the vinadikas come out mixed 
i. e., the result gives us the sum of the vinadik&s for Aries + Taurus, and for 
Aries + Taurus + Gemini. An appropriate subtraction then furnishes the 
desired result. 


5. Multiply the given nadikas by six; they are thus turned into 
degrees. Take the versed sine of those degrees and deduct it from the 
Radius; there remains the shadow. Thus there is found the shadow up to 
noon. In order to find the nadikas, lessen the Radius by the shadow. 




( IT ) 

6. Take the sixth part of the degrees of are corresponding to the 
sine of the interval between the end of the shadow and the horizon; that 
sixth part represents the elapsed nidikas in the eastern hemisphere, those to 
come in the western hemisphere. 

The above stanzas teach a rough process for ascertaining, from the 
sun s altitude, the length of the shadow, and vice versa. In the first place 
the sine of the sun’s altitude at a given moment is roughly identified with 
tire sine of that are of the day-circle, which the sun has described up to that 
moment; hence the direction to turn the elapsed nadikas into degrees. If we 

then construct an artificial sphere, 
as in figure 10, in which c e is the 
height of the gnomon, we know 
in' the triangle b c f the side f b= 
sine of sun’s altitude; and by de¬ 
ducting a b—which is the versed 
sine # corresponding tobf—from 
the Radius we have b c. To this 
b e the line c d i. e. the length of 
the desired shadow is now assumed 
to be equal, the two hypothenuses c f and d e—which in reality meet in the 
sun—being looked upon as parallel. 

7. Take that line which constitutes the east-west line corresponding 
to the oblique line, and the north-south line representing the degrees of decli¬ 
nation; the degrees of the corresponding arc, multiplied by ten, give the 
vin&dikas of the rising of the signs in succession. 

A rule for finding, by the inspection of a diagram or globe, the time 
of the rising of the individual signs of the ecliptic on the equator. The rule 
is rather obscurely worded ; it however appears that by the oblique line we 
have to understand the sine of one, two, etc. signs of the ecliptic, while the 
north-south line is the sine of the declination of the end point of the respective 
sign. The east-line then is the other side, at right angles to the north-south 
line, and represents the socalled udayajya which is a segment of the day circle 
described by the end point of the sign of the ecliptic. 

Each degree of the corresponding arc represents -J- nldika= 10 vina- 
dik&s ; the degrees multiplied by 10 therefore give the vinadikas of rising. 

* The context obliges ua to take * ’ in stanza 5 in the sense of ‘versed sine.’ 
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8. A stanza of doubtful meaning.—If the restoration of the text 
attempted by us is right, the stanza directs us to ascertain the zenith from 
the fact of the gnomon throwing, at a certain time, no shadow Cp. the 
Sanskrit Commentary. 

9. lOct. Lay off the shadow (from the centre) towards the north, 
and place the gnomon at the other end of the shadow. Draw from the centre 
a line parallel to the hypothenuse up to the circumference. The distance of 
that (i. e. the point of the sphere thus marked) from the zenith is the latitude- 
In the same way the shadow may be determined from the latitude. 

A reference to diagram 10 will render the above processes intelligible. 

10&. 11. Having ascertained, for the given day, the declination of 
the sun—which is either greater than the terrestrial latitude or less than it— 
place its sine between the ecliptic and the equator; in which degree that sine 
intersects the ecliptic, to that degree know the sun to be equal in longitude, 
according to that part of the sphere (in which he is at the time). 

A rule for finding the longitude of the sun from observation. The 
declination of the sun is ascertained from the observation of the sun’s zenith 
distance at noon, to which the terrestrial latitude is added if the zenith 
distance is north, while it is deducted from it, if the zenith-distance is south. 
The longitude of the sun is thereupon calculated as the hypothenuse of a 
right angled triangle, in which there are given one side, viz.,, the sine of the 
sun’s declination and the opposite angle, viz., the inclination of the ecliptic = 24°. 
The resulting degrees are to be taken as they are in the first quarter, in the 
second quarter they have to be deducted from 180° and so on. 

12. By means of an observation, made by means of two staffs equal to 
Eadius and placed in the centre, ascertain the degrees intervening between sun 
and moon. The twelfth part of those degrees represents the elapsed true tithis. 
From this (observed interval) again the next tithi is to be-ascertained. 

13. Adding to the degrees (intervening between sun and moon) the 
longitude of the sun as ascertained by observation (stanza 10), we obtain the 
longitude of the moon at the given time by mere observation. 

A rule for finding the number of elapsed true tithis and the longitude 
of the moon by observation.—When the distance of the moon from the sun 
amounts to 12°, one tithi has elapsed, and so on. 
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14. 15. Mark three times, from the centre, the end of the gnomon’s 
shadow, and then describe two fish-figures. Thereupon describe a circle, 
taking for Radius a string, that is fastened to the point in which the two 
strings issuing from the heads of the fish-figures intersect, and that is so 
long as to reach the three points marked. On the given day the shadow of 
the gnomon moves in that circle, without departing from it. 

16. The line joining the centre of that circle and the base of the 
gnomon is the south-north line; and the interval in the north direction 
(between that circle and the gnomon) is the midday shadow. 

A rule for finding the path described by the extremity of the shadow, 
based on the (erroneous) assumption that that path is the are of a circle. We 
mark the extremity of the shadow at three different moments of the day, and 

thus obtain the points a, b, c (fig. 11). 
In order to -lay a circle through these 
three points, we describe from a and b 
the fish-figure d e, and from b and c 
the fish-figure f g; the point h in 
which the cords d e and f g 
meet is the centre of the desired 
circle.—It is then easy to show that 
the line joining h and g (i. e. the 
foot of the gnomon) is the meridian 
line, and g 1 the midday shadow. 


17. ‘Horizon’ we call that (circle) in which the sky is joined as it 
were to the earth; we draw in it even east-west and north-south lines. 

18. The interval between the pole and the horizon is the terrestrial 
latitude; and the difference of the latitude and ninety (degrees) is called 
colatitude, which declines from the zenith towards the pole. The day-circle 
is what intervenes between (the sun’s etc.) rising and setting. 

19. Make, for the purposes of observation, a circle with marks 
(indicating the n&dik&s of rising of the signs of the ecliptic) in reverse order, 
and indications of the directions. Mark the centre and place the circle on even 
ground in such a way as to raise its axis to the amount of the given latitude. 


Fig. 11. 
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20. (Mark the place touched by) the shadow of the crossing of the 
two strings, (i. e., of the centre of the circle.) Add to the place of the sun the 
degrees which the sun has passed through (at a given hour of the day); you 
thus obtain the sign which at that hour rises in the east. And also the elapsed 
nadikas of the day (may be calculated from those degrees). 

The circle is to be p'laced in the plane of the celestial equator. The- 
observation of the places at which the shadow of the centre pin touches the 
circumference of the circle at different hours of the day, informs us through 
how many degrees the sun has passed in the interval; whence we calculate 
the ecliptic point on the eastern horizon, and the time of day. 

21. 22. Take a circular hoop,, on whose circumference the 3-60 degrees 
are evenly marked, whose diameter is equal to one hasta, and which is half 
an ahguli broad. In the middle of the breadth of that hoop make a hole. 
Through this small hole made in the circumference allow a ray of the sun at 
noon to enter in an oblique direction. The degrees, intervening on the lower 
half of the circle between (the spot illumined by the ray and) the spot' 
reached by a string hanging perpendicularly from the centre of the circle, 
represent the degrees of the zenith-distance of the midday sun. 

An easily intelligible rule for finding, by observation, the sun’s zenith- 
distance at noon. 

23. Make, of some material, a delicate sphere well rounded on all 
sides. On its periphery mark (the end points of) two lines called the lines 
of the portions of time (k&labhoga), which answer to the points where the sun 
stops (viz. at the solstices). 

24. Mark (between those two lines), according to observation, on both 
sides of the first point of Aries, the degrees of declination (of the different 
signs), by means of which oblique observations are to he made. 

25. Raise this globe towards the north, to the extent of the degrees, 
of latitude of the given locality, and take th.e nadik&s intervening between the 
(point of) oblique observation and the (corresponding point on the) horizon. 
Those are the elapsed nddik&s of the day ; multiplied by six they give the 
degrees. 
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The above is a somewhat free rendering of what we suppose to he the 

meaning of the text, the construc¬ 
tion and phraseology of which are, 
at the best, particularly involved 
and vague. • The accompanying 
diagram shows a projection of the 
sphere on the plane of the meridian 
(HPZH' P'), H H' being the 
horizon and P P' the poles of the 
sphere. We ascertain on the cir¬ 
cumference of the sphere the points 
B and B ; , in which the sun rises 
and sets on the days of the two 
solstices, and draw the day-circles 
in which the sun moves on those 
days. Between those two day- 
circles we then draw the day-circles in which the sun moves when entering 
each sign of the ecliptic (and, possibly, as many more intervening day- 
circles as there is room for). We then, at any given moment, ascertain, by 
observation from the centre, the place of the sun in his day-circle, f i. S and 
fake the nadikas or degrees—which are to be considered as marked on each 
day-circle—intervening between the place of the sun, and the intersection of 
the day-circle and the horizon (/ i. between S and T). A mere inspection 
of the globe thus will furnish the time of day. 

26, As long as, in the rising sphere, there rises that part which be¬ 
gins with the east point (i, e. the first point of Aries), there takes place an 
increase of the day ; while in the opposite case a decrease takes place.—Prom 
what has been explained, the remaining points (not expressly referred to) 
may be understood, 

27, The fundamental arrangements of all instruments depend on 
strings, water and bits of earth. By means of them one may make on a 
level surface instruments shaped like a tortoise, a man and so on. 

28, The teacher is to communicate those things (only) to a pupil of 
Steadfast mind; and the pupil after having learned them is to make his 
mechanical contrivances in such a way as to keep them secret from his own 


Fig. 12. 

z 



pon eyen, 
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29. 30. Let the astronomer.observe (the position of the moon) in a 
oiven locality, (at that time when, according to calculation, full moon takes 
place on the prime meridian on the equator). Let him divide the observed 
difference of degrees in the manner of the tithi. The resulting time is to be 
deducted (from the time of full moon at Lanka) in the case of the degrees 
being more, and to be added in the case of their being less. Let him increase 
the result by the time of ascensional difference, when the sun is in the six signs 
beginning with Aries, and diminish it by the same, when the sun is in the six 
signs beginning withLibra. In this way he ascertains the difference in longitude. 

While there can be hardly any doubt about the purport of the above 
stanzas, their wording and construction are obscure, and the translation there¬ 
fore merely aims at rendering the general sense.—The rule teaches how to 
ascertain the longitude of a given place by an observation of the moon at 
the hour when—according to astronomical calculation—full moon takes place 
at LahM. We are directed to find at that time the degrees of interval be¬ 
tween the moon and the sun, according to the method taught above in stanza 
12 ; if those degrees are more than 180, the given locality is to the west of 
the prime meridian; if less, it is to the east. From the degrees of interval 
the difference of longitude in time is calculated proportionally ; and finally 
an allowance made for the ascensional difference. 

31. The sixtieth part of so much water as within a nychthemeron 
escapes (from a vessel) through a given aperture fixes the duration of one 
nadika; or else one hundred and eighty respirations of a man. 

32. Make a copper vessel shaped like the half of a jar, and pierce a 
hole in its bottom. Place it in a basin filled with pure water ; when it has 
become full of water, a nadik4 has elapsed. On account of the smallness of the 
bottom (?), the hole has to be made in such a way that sixty immersions take 
place in one nychthemeron.—Or else a nMika may be measured by the time 
in which sixty S'lokas, each consisting of sixty long syllables, can be read out. 

# 

The above three stanzas are clear, with the exception of one line in 32 
which is not very perspicuously expressed.—It will be observed that stanza 
32 consists of 60 long syllables, and thus constitutes a Sloka such as—accord¬ 
ing to Varaha Mihira—may be recited in the sixtieth part of a nadika. 

33. Having ascertained the latitude of the moon and observed the 
distance of the moon from the fixed star, and having made the requisite 
calculations one may then declare the conjunction of the moon with the star. 
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34. (The yogatara, i, e., junction-star) of krittika is at the end of the 
sixth degree (of the nakshatra), and three and a half hastas to the north of 
the ecliptic ; that of Rohipi is at the end of the eighth degree, and five and 
a half hastas to the south of the ecliptic. 

35. The two stars of Punarvasu are at the eighth degree, and to the 
north and south of the ecliptic at an interval of eight hastas; the star of 
Pushya is at the fourth degree, three and a half hastas to the north. 

36. Of A'sIlesM the southern star is at the first degree, one hasta 
(south of the ecliptic) ; so also the northern star. Of Magha the conjunction 
(with the moon) takes place in its own field (i. e., in the ecliptic), at the sixth 
degree (of the nakshatra), 

37. Of Chitri (the yogatara is) at seven and a half degrees, three 
hastas to the south,—The afigulis are to be calculated from the centre of the 
moon,. 


38. Deduct seventeen from the latitude (of the star), multiply the 
remainder by fifteen, and take its thirty-fourth part; the result is to be taken 
as the measure in ahgulis. The time (of conjunction) is to be calculated 
from the difference of the moon’s daily motion. 

The above stanzas contain the statement of the longitudes and lati¬ 
tudes of the socalled yogataras of some nakshatras. The longitude has to 
be reckoned from the beginning of each nakshatra, i. e,, twenty-seventh part of 
the ecliptic. The latitudes are expressed in angulis of which twenty-four go 
to one hasta, while the diameter of the moon—whose mean value is thirty- 
four minutes—is divided into fifteen apgulis. In order to express the dis¬ 
tance of the star from the edge of the moon in ahgulis, seventeen, i. e., the 
moon’s radius is deducted frorii the distance in minutes (taken from the moon’s 
centre), and the remainder turned into aiigulis by means of the proportion 
supplied by the dimensions of the moon, 

39. Multiply twenty-five by half the equinoctial shadow; take the 
corresponding arc to which fifteen is to be added, multiply by ten, and add 
twenty-one times the equinoctial shadow; the result are the vinaclikas. 

40. 41. By means of the latter calculate the ecliptic point on the 
eastern horizon from the beginning of Cancer; when the sun stands at that 
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point, the rislii Agastya becomes visible—by means of instruments constructed 
on mathematical principles—beautifying the southern region as a mark 
beautifies a lady’s brow.—Gratified are the minds of men by this divine 
knowledge based on time. 


A rule for calculating the time of the heliacal rising of Agastya 

l,i ' (Canopus) 



in a given 
latitude. In 
order to ex¬ 
plain its ra¬ 
tionale, we 
at first ap¬ 
ply the 
longitude 
and lati¬ 
tude of 
Agastya 
given inthe 
m oderu 
Surya Sid- 
dhanta, viz. 
90° longit. 
and 80° 
souther n 
latit. Let 
H H' be 
the hori¬ 
zon, P the 
pole of the 


equator, E E' an arc of the equator, A L an arc.of the Ecliptic, C the place 
of Canopus on the horizon, C the last point of Gemini (on first point of Can¬ 
cer) which has the same longitude as Canopus, viz. 90°; P 6 C' C a circle of 
declination (on which according to Hindu practice the latitude is measured). 
The segment C' S' of the equator represents the time which Canopus must 
rise before the sun in order to be visible in the morning. It divides itself into 
three parts, viz., C'B representing the ascensional difference of Agastya, B 6" 
representing the ascensional difference of the last point of Gemini, and G" S' 
representing the amount to which the sun must be below the horizon in order 
that a star may be visible at its rising. This latter amount the Hindus 
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always measure on the ecliptic (instead of measuring it, as would be proper, on 
a vertical circle). The modern Surya Siddhanta assumes it to be equal to 12°; 
but "Varaha Mihira—as we understand him—to 15°. In order to find B G" we 
make use of the statement made above in III. 11 viz., that at the end of 
Gemini the ascensional difference amounts to 21 palas in those places where the 
equinoctial shadow is equal to one. We thus obtain the following expression 

Required ascens. diff. =21 x equinoct. shad. 


Dividing this result by ten we obtain the degrees corresponding- to the 
palas (60 palas going to one nadika which answers to 6 degrees). 


In order, finally, to determine C' B, we at first ascertain the value of 
D C, the socalled earth-sine (kujya) of Canopus, by means of the proportion 

12: equin. shad. = sin declin. of Canopus: kujya. 

If, as said above, C G ( — latitude of Canopus) is supposed equal to 80°, 
the declination of Canopus amounts to 56° (for O' G=declination of last point 
of Gemini = inclination of Ecliptic = 24°); and we thus have 


Kujya= 


equiu. shad, x sin 56°_equin. shad, x 99 

i2 — ' 12 ; 


To turn the earth-sine so found into the sine of ascensional difference, 
we employ the proportion 


Cos declin. : kujya = Rad. : sin ascens. diff. 


.*. Sin asc. diff. 


equin. shad, x 99 x 120 
12 x cos declin. 


equin. sliad, x 99 x 120 

nrx 67 ~~ 


(67 = sin 34° = cos 56°) 


equin.’ shad, x 990_ 1980 x equin. shad. 

67 .. " ~~ • 67 x 2 


-g? -x equin. shad. 30x*quin. shad. 

. 2 = 2 # 

Instead of this value of OB the text however has 25xeqi T 8bo<5 '> where¬ 
from it appears that Yaraha Mihira estimated to latitude of Canopus at less 
than the modern Surya Siddbinta does. By an easy inverse calculation we 
find that a latitude of 75° 30' satisfies the expression given in the text. 




CHAPTER XV. 


The; Secrets op Astronomy., 


1. Following those, who possess the knowledge of the relative posi¬ 
tions of sun, moon, stars, and earth, I give the following explanations.—An 
eclipse of the sun takes place constantly; in consequence of the difference 
of position it becomes visible in some locality. 

2. In the minds of those also who are ignorant of the relative posi¬ 
tions knowledge maybe engendered, just as—(see the Sanskrit Commentary.) 

8. In those places, for which the sun is covered by the moon owing 
to the straight line drawn from the eye to the sun (i. e, for which the moon 
is in the straight line drawn etc.) an eclipse of the sun takes place; and such 
a place is every day somewhere (in space), 

4. The Fathers dwelling on the moon see the sun, if once obscured, 
for a half-month (in that condition) ; and they also see him non-obscured for 
a half-month. The middle of the eclipse is at full moon. 

The text of this stanza appears to be correct, but its meaning is 
obscure to us,—Might we, perhaps, have to understand by the f eclipse’ of the 
sun referred to merely his being invisible for lunar half month to those 
beings which live on the side of the- moon turned away from the earth ?—But 
a statement of this nature would have its proper place, not in the present 
chapter, but in the f trailokya-samsth&na ’; and such a statement is in fact 
actually made there (xiv. 38). Moreover, the terms £ grasta ’ and 'graha' 
would appear to be rather misapplied in such a connection. 

5. The beings that live on Meru or near Meru never see an eclipse 
of the sun, owing to the fact of sun and moon being (for them) not high 
above the horizon. 
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6. Those living on Meru or close to it never see sun and moon in a 
line ; therefore they always see the two bodies separated by an interval! 

Of these two stanzas also the text seems to be correct. But in that 
ease their contents are incomprehensible. 

7. When an eclipse takes place at sunrise or sunset, then the sun 
stands for us low (?) and the moon high; the latter therefore becomes the 
cause of the (obscuration of the) sun. 

8. If, for us, an eclipse of the sun takes place at sunrise, it does not 
take place at the same moment for those with whom the sun is about to set, 
nor for those with whom it is midday. 

9. For, on one and the same day, the eclipse may be past for those 
with whom it is sunrise, future—to the extent of two kshanas—for those 
with whom it is sunset, and actually occurring for those with whom it is 
midday. 

10. In the Samhita, in the beginning of the chapter on Balm’s course, 
I have fully explained to what causes, apart from B&hu, solar and lunar 
eclipses are due. 

Stanza 7 is not fully intelligible. Stanzas 8 and 9 refer to the 
effect of parallax in accelerating or retarding the moment of an eclipse of the 
sun. 


11. For Meru there exists no distinction of directions, because there 
the eastern direction is not indicated by the sun ; for as long as the sun is 
risen there, he revolves round the earth (the horizon). 

12. Should it be said that the distinction of the eastern direction 
may be based on the observation of the first small part (of the sun when he 
rises) ; we reply that after he has moved for half a year (above the horizon) 
he again sets at the same .point; does that point then indicate the eastern or 
the western direction ? 

13. For those who live on Meru its being day depends on the sun’s 
declination, not, as for us, on his daily revolution. For us sixty n&4ik4s 
constitute a nychthemeron, while a year is a nychthemeron of the gods. 
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14. Each year comprises a day and a night of the gods and the 
Asuras, it being day for the former while it is night for the latter, and vice 
versa. A nychthemeron of the fathers (whose abode is the moon) lasts one 
month, while one of men comprises sixty nadik&s, 

15. The gods see the sun moving at a distance (from the horizon), 
equal to so much as he rises above the horizon in two muhurtas; they never 
see him higher up. 

The gods on Meru never see the sun higher above the horizon than 
24 degrees (to which height he rises when at the end of Gemini). The sun 
performing 3G0 degrees in thirty muhurtas passes through 24 degrees in two 
muhurtas, 

1. G. The succession of the Lords of hours and days is not the same 
on Meru as with us; because the nychthemeron there does not consist of 
sixty nadhkas. 


IT. The rule about the days of the week is not everywhere the same. 
As no (decisive) reason can be assigned for it, the astronomers disagree con¬ 
cerning this point. 

18. 19. The day of the week is to be determined from the ahargapa; 
the ahargapa itself depends on connexion with place and time. According to 
the teaching of Latacharya the ahargapa is to he reckoned from, sunset at 
Yavanapura; according to Simhacharya from sunrise at LaAk&; while it is 
to be reckoned from the moment when ten muhurtas of the night of the 
Yavanas have passed, according to their guru (i. e. the teacher—or master—. 
of the Yavanas), 

20, Aryabhata maintains that the beginning -of the day is to be 
reckoned from midnight at Lanka; and the same teacher again says that the 
day begins from sunrise at Larikd, 

21, If, there having been applied the correction for difference of 

meridian, the result does not agree with the actual circumstances of a given 
place; the following statement (at any rate) as to the correspondence of time 
has been made by the same teachers (mentioned above), in agreement with 
traditional science, ' 


% 
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22. The sun, when rising in the BMratavarsha, at the same time 
makes midday in the region of the Bhadrhsvas, sunset in that of the Kurus, 
midnight in Ketumala. 

23. What is sunrise in LafikA is sunset in Siddhapura, midday in 
Yamakoti, midnight in Romaka-country. 

24. The intercalary months, the omitted lunar days, the days of the 
planets, the lunar days, the days, Aries, the sun, the moon, the half -years, 
the seasons, the motions of the stars, the nights; all of them begin together 
at the beginning of the yuga. 

25. The difference in longitude when taken from Romaka-country is 
not the same as when taken from Yavanapura; and there is a difference be¬ 
tween (reckoning the beginning of the day) from midnight or from sunrise at 
Lanka. 

26. And if we determine the Lord of each day by (counting the 
ahargana from) the moment when the sun has half set, we hare in our favour 
neither any traditional authority nor reasoning of any kind, 

27. Owing to the (various positions of the) sun, it is twilight in one 
place, day in another place, and night in another place. A small difference 
of place thus suffices to entangle the question as to who is the Lord of the 
day. 

28. The question as to the horas is in the same predicament; for the 
first 'hora belongs to the Lord of the day. If, then, the latter is not fully 
determined, how can the Lord of the hour be so ? 

29. Ordinary people, as a rule, proceed in their business according to 
the days of the week (as known from tradition), without reflecting on such 
questions. The learned, on the other hand, declare such (assumptions) to be 
right as result in the proper determination of the true lunar day. 





CHAPTER XVI. 


The Mean Motions of the Planets,, according to the SOrya Siddhanta. 


1. The determination of the (mean places of the) smaller planets for 
midnight at Avanti is, according to the Surya SiddMnta, as follows.— 
Mercury and Venus have the same motion as the mean sun. 

2. For Jupiter multiply the ahargana by 100, and divide by 433232. 
For Mars multiply the ahargana by one, and divide by 687. 

3. For Saturn multiply the ahargana by 1000, and divide by 
10766066. The quotients are the entire revolutions; from the remainders 
the mean places of the planets are ascertained in signs, degrees and so on. 

4. For each revolution of Jupiter ten tatparas ( i . e., sixtieth parts 
of seconds) have to be deducted. Fourteen tatparas have to be added for 
each revolution of Mars; five have to be deducted for each revolution of 
Saturn. 

5. Four signs, two degrees, twenty-eight minutes and forty-nine 
seconds have to be added to the mean place of Saturn. 

6. Eight degrees, six minutes and twenty seconds constitute the 
additive quantity for Jupiter. For Mars that quantity amounts to two 
signs, fifteen degrees and thirty-five minutes. 

7. For the S'lghra of Mercury multiply the ahargana by 100, and 
divide by 8797. Add the product of the (aecoftiplished) revolutions and four 
and a half tatparas. 

8. For the S'lghra of Venus multiply the ahargana by 10, and 
divide by 2247. Add ten and a half seconds, multiplied by the revolutions. 
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9. Twenty eight degrees of Leo (i. e. four signs plus twenty-eight 
degrees) and seventeen minutes are the additive quantity for the S'lghra of 
Budlia. From (the S'lghra of) Venus 332961 seconds are to be deducted. 

The above nine stanzas contain rules for calculating the mean places 
of the planets.—The complete calculation for each planet is subdivided into 
three distinct operations. We are at first taught how to find the mean place 
by means of a rough calculation resting on the assumption that the planet 
performs an integral number of revolutions within an integral number of 
savana days. Next we are informed how to make up for the mistake 
involved in the above assumption. And finally we are told what quantity 
has to be added to—or deducted from—the result found by means of the 
previous two processes, in order to enable us to start in our calculation, not 
from, the beginning of the kalpa or yuga, but from the epoch of the karana. 

The process by means of which we evolve from the rules of the text 
that duration of the sidereal revolutions of the planets which was assumed 
by Varaha Mihira’s Surya Siddhanta is simple, and the same for all planets. 
We at first calculate the revolutions according to-the approximative rules, 
given in stanzas 1—3, and the first halves of stanzas- 7 and 8.. We thereupon 
deduce—from the corrections stated' in stanza 4 and the second halves of 7 
anc l 8—the amount of the modifications to be applied to the rough results- 
found previously. We thus obtain the following numbers- of revolutions, 
within one mahayuga of 1577917800 days. 

Saturn — 146564 

Jupiter — 364220; 

Mars — 2296824 

Venus — 7022388 

Mercury — 17937000; 

* 

The- correctness of these figures we are finally enabled to test by 
means of the kshepa-quantities stated in the fifth, sixth and- ninth stanzas- 
For if—as we had done before in the case of the sun and the moon—we 
calculate, on the ground of the number of revolutions stated above, the 
mean positions of the planets at the epoch of the karana, we find that they 
agree down to seconds with the mentioned kshepa-quantities. As in the 
case of sun and moon, the calculation has to- be made from the beginning, not 
of the mahayuga, but of the kalpa. 
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10. Seventeen seconds are to be added for each year to the mean 
place of Mars; ten to be deducted from that of Jupiter ; seven and a half 
to be added to that of Saturn, 

11, Forty-five are to be deducted from that of Venus ; one hundred 
and twenty to be added to that of Mercury. Fourteen hundred seconds are 
to be deducted from the mean place of Jupiter. 

These two stanzas state certain corrections to be applied to the mean 
places of the planets as found by means of the preceding' rules. No other 
reason for those corrections appears to be assignable, but that they tended to 
effect an agreement between the rules of the Stirya Siddhanta and the 
observations made by Varaha Mihira or the astronomers of his time, 



CHAPTER XVII. 


The tkue Motions of the Planets. 


1. Of the other planets beginning with Mars the sun is the so-called 
S'lghra,—Thirty-five, fourteen, sixteen, five, twenty-four—each multiplied 
by two—are the degrees of the epicycles (of the Apsis); 

2. Six, eleven, eight, four, twelve,—each figure multiplied by twenty 
and ten being deducted in the case of Mars—are the degrees (of the longitude) 
of the Mandochchas of Mars, Mercury, Jupiter, Venus, Saturn. 

We therefore have the following epicycles and longitudes of the 
apogees of the five planets 



Mars. 

Mercury. 

Jupiter. 

Venus. 

Saturn. 

Degrees of epicycle.,. 

70 

28 

. . ’ ..■ ■■’ i 

32 

14 

60 

longitude of Apogee 

110 

120 

160 

80 

240 


3. The degrees of the epicycles of the conjunction (^ighraparidhi) 
of Mars, etc. (Mars, Merchry, Jupiter, Venus, Saturn) are 234, 132, 72, 
260, 40, 

4, If, the mean planet being deducted from the S'ighra, the 
remainder is within three signs, the sines of those parts (of the three signs), 
which are passed through and yet to be passed through, are the base sine 
(bhuja) and the perpendicular (koti). If the remainder exceeds three 
signs, it is to be deducted from six signs, and after that the same method is 
to be followed, , 
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5. The (bhujajya and kotijya found according to stanza 4) are to be 
multiplied by the degrees of the epicycle of the planet, and divided' by 360 ; 
the results are those "two (sines) reduced (to the terms of the epicycle ; viz., 
the so-called bhujajya phala and kotijy& phala).. The koti phala is to be 
added to the Radius in the half circle beginning with Capricorn, and to be 
deducted in the half circle beginning with Cancer. 

6. Take the square root of the sum of the squares of the Radius so 
increased or decreased and the bhujaphala, and divide thereby the bhujaphala 
multiplied by 120. Half of the corresponding arc is to be deducted from the 
mandochcha (if the anomaly is in the half orbit beginning with Aries), and to. 
be added to it (in the half orbit beginning with Libra). 


A rule for finding the equation of the conjunction which in all points 
agrees with that given in the modern Surya SiddlAnta.—By half the equa¬ 
tion found the place of the mandochcha is to be corrected, and the manda 
equation to be calculated from the new place. 

7. The mandochcha, having thus been made true, is deducted from 
the mean planet, and the sine (bahu) (of the resulting arc) is reduced to 
terms of the epicycle (by being multiplied by the degrees of tire epicycle, 
and divided by 3fi0); the corresponding arc is either added to the mandochcha 
(in the half orbit beginning with Aries), or deducted from it (in. the half orbit 
beginning with Libra). 

8. (The mandochcha so corrected) is again to be deducted from the 
mean planet, the corresponding sine is to be taken and to be reduced to terms 
of the epicycle, and the corresponding arc to be added to (in the half orbit 
beginning with Aries)—or deducted from (in the half orbit beginning with 
Libra)—the mean planet. 

9. The planets, having thus been made what is called ‘ true-mean’ 
(the mean planet having been made true as far as- the mandochcha is con¬ 
cerned), are to he deducted from their dighrochchas. They are then to be 
treated according to the former method (i. e., the equation of the ^ighrochcha 
is to be found as taught above) ; and , in the former way, the arc is to be 
added to (in the half orbit beginning with Aries)—or to be deducted from 
(in the half orbit beginning with Libra)—the true-mean planet. 
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10. In this manner the true position of all planets is ascertained. 
In the case of Mercury, however, the mandochcha of the sun is to be 
deducted from Mercury’s Slghrochcha; the base sine (of the remainder) is to 
be reduced to terms of the sun’s epicycle (by being multiplied by the degrees 
of the sun’s epicycle, and divided by 360), and the corresponding arc—as 
Mercury’s equation—to be added to, or deducted from, Mercury (according as 
the anomaly found by deducting the sun’s mandochcha from Mercury’s 
sighrochcha lies in the half -orbit beginning with Aries or in that beginning 
with Libra). 

11. In Venus’ case sixty-seven minutes have to be deducted from 
the planet’s longitude, after it has been made true (in the manner taught 
before).—The time when a planet becomes retrograde has to be ascertained 
from the difference of its motion. 

12. The degrees of the distance from the sun at which the true 
planets become visible are 12 for the moon, 19 for Mars, 17 for Mercury, 
13 for Jupiter, 11 for Venus, 15 for Saturn, 

13. Take the sine of the interval between the planet made true with 
regard to the apogee (and the node), and add to it its eighth part, in the 
case of Mars, Jupiter and Saturn; the latitude of the planet, which is either 
southern or northern, is found from that difference. Another latitude is 
found by applying the conjunction (in the case of Venus and Mercury). 

14. In the case of Jupiter, Mars and Venus (the sine mentioned 
above) is to be lessened by its fourth part; while in the case of Mercury 
and Saturn it is merely to be increased by its eighth part. The sine is then 
to be multiplied by Radius, and divided by the hypothenuse ; the result is the 
latitude whose direction (whether north or south) depends on that of the 

interval (between node and planet). 

• * 

The above two stanzas teach how to calculate the latitude of the 
planets. The latitude is made to depend, in the case of the superior planets, 
on the distance of the true planet (i. e., the true place of the planet with 
regard to the apogee) from the node ; in the case of the inferior planets on 
the distance of the node from the S'ighra of the planet, i. e., the place of the 
sun. The latitude for any given moment is then calculated by means of a 
proportion basing on the assumed amount of the greatest latitude of each planet 
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These amounts have to be inferred from the indirect statements of the text , 
which directs us to add, in the case of Mercury and Saturn, one eighth to the 
sine of the interval between node and planet (or node and conjunction), and, in 
the case of the three other planets, to lessen that sum by its fourth part. We 
thus have, for Mercury and Saturn, the following formula 

t 9xsin interv. 

JUcltlt. -O-« 


and, for the three other planets,. 


Latit. = 


9 xsin intery. 
8 


9 x sin intery. 
8x4 


« If we substitute 120 = Radius for the 8 forming the divisor, we have 
to substitute 135 for the 9 of the numerator; whence we conclude that the 
greatest latitude of Mercury and Saturn is assumed to amount to 135/ 
And taking into account the subtraction of one-fourth part, which is pre¬ 
scribed for the three other planets, we find that their greatest latitude is 
supposed to amount to 121'. 



CHAPTER XVIII. 


On the Coukses of the Planets. 


1. Deduct from the ahargana 147, and divide by 584; the quotient 
indicates the risings of Venus. The portion (passed through by Venus dur¬ 
ing that time) is five degrees of Scorpio (i. e. seven signs plus five degrees) 
together with the third part of a degree. 

2. Having proceeded, by means of the degrees of time, for twenty- 
six days, Venus goes to its rising in the west. Add to the days the eleventh 
part of the risings, and therefrom (calculate) the motions. 

3. In three periods of sixty days each, Venus passes through seventy 
degrees, increased respectively by four, three, and two ; thereupon in eighty- 
five days through seventy-seven degrees ; then in three days through one and 
a quarter degree. 

4. 5. Thereupon becoming retrograde it passes in fifteen days 
through two degrees; sets after five days in the west; rises after ten days 
in the east; becomes anuvakria after twenty days, having moved four degrees 
(within each of the last mentioned three periods); passes through 250 degrees 
in 232 days, and sets in the east; passes through 75 degrees in 60 days, and 
rises in the west. 

6. In the case of Jupiter deduct from the ahargana thirty-four days 
and as many n&dikas, and divide by 399; the quotient are the risings of 
Jupiter. Put down separately the (remaining) days. 

7. And add to them the ninth part of the number of the risings. 
Multiply the number of risings by 36, and divide by 391; the remainder to 
which 18 is added is called pada. 

8. Put it down in two places. (Calculate the equations) by means of 
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the mean and the true quantities. If on the deduction of those two quantities 
(from each other) the true quantity is smaller than the mean one, add (as 
many days as the result comprises degrees) to the days (as found above) ; in. 
the opposite case (so many days) are to be deducted. 

9. 10. As long as the pada is within 180, there is a positive quantity 
of 1456; up to 195 there is a positive quantity of 1265 ; if (the pada.) is 
within 16, the third quantity is negative, amounting to 1486.—The risings of 
Jupiter being multiplied by five and divided by eight, give the minutes (of the 
mean place of Jupiter) from the first rising. 

11. In the case of the first quantity there are 9|- degrees of Virgo 
(i. e. 5 s 9° 30'); in the case of the second one there is half a circumference 
( = 6 s ) ;.and in the case of the last one there are 13 degrees, 

12. Jupiter passes within sixty days through twelve degrees; after 
that in forty days through four degrees ; then in twenty-four days through two 
degrees; thereupon he becomes retrograde within fifteen days, and passes in 
sixty days -through six degrees, and again in sixty days through six degrees. 

13. Then, becoming anuvakra, he passes in eighty days through 
twelve degrees, and in forty-five days through nine degrees. Thereupon he 
sets, and having remained in that state for one month he again rises in the 
following month. 

14. For Saturn, deduct from the afiargana 150|- (days), divide (the 
remaining days) by 378 ; the result are the days etc. constituting one rising. 

15. Deduct from the days the tenth part of the risings. Multiply the 
risings by nine, and divide by 256 ; the remainder is the pada; add to it 89. 

16. If the padas of Saturn are within thirty, there is an additive 
quantify of 2406; while there is a subtractive quantity pf 2509, if the pada 
amounts to 127. 

17. There is an additive quantity of 2307, if (the pada amounts to) 
99. Multiply the risings of )Saturn by 31, and divide by 32 ; (the resulting 
minutes) are to be added to the negative quantity. 

18. In the case of the first aggregate we have sixteen degrees of 
Taurus minus nine minutes (= I s 15° SI'); in the case of the second aggregate 
we have five (signs) plus twenty-seven degrees plus thirty-four minutes. 
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19. In the case of the last aggregate we have seven degrees plus 
twenty-eight minutes.—Saturn passes in sixteen clays through three degrees, 
thereupon in fifty-six days through 232 minutes ( = 3° 52'). 

20. Thereupon he, within fifty-five days, becomes retrograde. He 
then passes in G8 days through three degrees, and in 60 days through four 
degrees. After that, becoming anuga, ho passes through eight degrees in 105 
days (and then sets). Thereupon he passes through three degrees in 36 days, 
(and again rises). 

21. Deduct from the ahargana 256, and 14 nadikhs, and divide by 780 ; 
the result are the risings of Mars. 

22. Multiply the number of risings by 161 and add the result, taken 
as vinadikas, to the days (forming the remainder of the division prescribed 
in 21). Multiply the risings by eighteen, divide by fifteen and take (the re¬ 
mainder) of that division. 

23. Lessen the remainder by its own fifth part ,* you thus obtain the 
mean position of Mars, expressed successively in signs and so on.—Thereupon 
you must calculate the succession of its true courses. 

24. The degrees of difference of the true and mean positions *are to be 
added to the days (calculated above), if the mean position (exceeds the true 
one); and to be dedueted, if the mean position is less.— I will now describe 
the motion of Mars according to its different courses (gati). 

25. ? 

26. Having then passed through 13 degrees, Mars becomes nirarnsa 
(L c. without degrees ; i. e. having the same longitude as the sun), and having 
thereupon passed through twenty degrees he goes to his rising. I will now- 
state the succession of days occupied by the courses (gati) of Mars. 

27. 28. ? 

29. When Mars is retrograde in Pisces, Scorpio, Aries, or Sagittarius, 
he passes through nine degrees within 56 days, then through seven degrees 
within 42 days ; and thereupon, passing through sixteen degrees in 60 days, 
he becomes anugati. 
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30. In Taurus, Gemini*, Libra, and Virgo Mars passes in forty days 
through seven degrees, again in forty days through ten degrees, and in sixty- 
three days through seventeen degrees in succession, beginning from (?) the 
retrograde motion, 

31. In Cancer and Leo, Mars passes in forty-four days through seven 
degrees, in forty days through six degrees, and in sixty days through eighteen 
degrees, in his courses beginning with the retrograde one. 

32. In Aquarius and Capricorn, Mars passes through six: degrees in 
thirty-two days, through nine degrees in thirty-nine days and through fifteen 
degrees in fifty-seven days, in his threefold course, 

33. ? 

.34, Add two to one, five, eight, eleven, fourteen, eleven, nine. In 
the quick course (S'ighragati) you have forty diminished by one, four, four (?). 

35, Thirty-six increased by two, three, nine, twelve, nine, three, zero 
are the days. The motion in the eighth course is the same as in the seventh. 

36, 37, 3.8, Add to the ahargarm twenty-eight and a third. Multiply 
by eight and diyide by 927; the result are (the risings) of Mercury. Take 
the eighth part of the (remaining) days, and deduct from those of Mercury as 
many n&dikis as the fourth part of the risings amounts to, Multiply the 
risings by 123, and deduct forty-three; divide the remainder by 389; you thus 
find the mean place .of Mercury.—Mercury passes within six plus five (= 
eleven) of the (days forming the) remainder through eight true degrees; with¬ 
in thirty (days) through thirty true degrees, 

1 

.39, Thereupon he passes in eighty-one days through sixty degrees ; 
in eighty-eight days through a hundred degrees; in fourteen days through 
twelye degrees; in thirty days through thirty degrees, . 

,40, In one hundred and four days through ninety-seven degrees ; in 
thirty-one days through tFenty-tbr.ee degrees. These are the true motions of 
Mer.cjury, 

41, Deduct from the days the degrees of difference of those two (viz. 
of the mean and true places of Mercury), in case of the true place being in 
excess, (of the mean place); add those degrees, in case of the mean place being 
in excess (of the true).' The course of the true Mercury-is as follows. 



( 101 ) 

42. In Aries, Mercury passes in thirty-six days through thirty-five 
degrees, in thirty-six days through forty-two degrees, in twenty-nine days 
through twenty-one degrees, and again in twenty-nine days through thirty 
degrees. 


43. In Taurus he passes in forty-five days through forty-four degrees, 
in twenty-three days through seventeen degrees, again in twenty-three days 
through thirty-nine degrees ; in forty-nine days through forty-three degrees. 


44. In Gemini he passes in forty-five days through forty-eight de¬ 
grees ; in twenty days through fourteen degrees ; in twenty-six days through 
twenty-seven degrees ; in forty-seven days through forty degrees. 

45. In Cancer he passes in forty-two days through twenty-six de¬ 
grees ; in eighteen days through twelve and a half degrees; in thirty days 
through twenty-six degrees ; in forty-six days through twenty-five degrees. 

46. In Leo he passes in thirty-four days through twenty-five degrees; 
in sixteen days through eighteen degrees ; in thirty-two days through twenty- 
seven degrees; in forty-five days through twenty-eight degrees. 

47. In Virgo he passes in twenty-six days through twenty-seven de¬ 
grees ; in thirty-eight days through forty-five degrees; again in thirty-eight 
days through fifty-six degrees, and again in thirty-eight days through sixty- 
two degrees. 

48. (In Libra) he passes in forty-two days through thirty-seven de¬ 
grees, in forty days through thirty-two degrees, in thirty-four days through 
sixty-four degrees. 

49. In Scorpio he passes in eighteen days through twenty degrees, 
in forty-five days through fifty-two degrees, in thirty-four days through forty- 
five degrees, in forty-eight Says through seventy-four degrees. 


50. In Sagittarius he passes in forty days through thirty-nine de¬ 
grees ; in sixteen days through eleven degrees; in forty-two days through 
forty-three degrees; in thirty-two days through thirty-five degrees. 

I. 

51. In Caprioorn he passes in twenty days through nineteen degrees; 
in thirteen days through fourteen degrees; in thirty-eight days through thirty- 
nine degrees ; in thirty-two days through fifty-eight degrees. 
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52. In Aquarius he passes in twenty-three days through twenty-two 
degrees; in twenty-two days through twenty-five degrees; in twenty-four 
days through twenty degrees ; in thirty-two days through sixty degrees. 

53. In Pisces he passes in twenty-four days through twenty-six de¬ 
grees ; in twenty-five days through thirty degrees; in twenty-nine days 
through thirty degrees; and in twenty-seven days through forty-nine degrees. 

54. 55. 56. ? 

57. Multiply the time of the ascensional difference by the (sine of the 
planet’s) latitude—which is calculated according to the method of sines— 
and take the 480th part of the product. The result is to be deducted from— 
or added to—the planet’s longitude according to the direction (of the latitude). 

58. This operation having been performed, the setting and rising of 
the planets is to be calculated by means of the degrees intervening between 
them and the sun. These degrees are, for the moon and the other planets in 
succession, twelve, fourteen, twelve, fifteen, eight, fifteen. 

59. Multiply those degrees by three-hundred, and divide by the vina,- 
dikas of rising; from the resulting degrees the true setting and rising of the 
planets is to be determined. 

60. Mercury, Venus, Mars, Jupiter (and Saturn?) (become visible in 
the east when they are) less advanced in longitude than the sun by the amount 
of the planetary degrees (as calculated above); in the moon’s ease the reverse 
takes place.—^Having thus ascertained (all requisite items) from the latitude, 
the astronomer may make declarations regarding future planetary occurences. 

Stanza 57 contains a rule for the so-called aksha drikkarman, i. e. the 
correction for apparent longitude which depends on the planet’s latitude at the 
given time. The rule is based on the rough proportion 

Sine of greatest latitude of ecliptic ( = 48) : time of greatest ascensional 
difference=sine of planet’s latitude: time of planet’s ascensional difference. 

Dividing by ten (whence the divisor 480) the vinidikas of the result 
are turned into degrees.—Stanza 58 thereupon states the number of degrees 
to which the difference of the longitude of the sun and the single planets must 
amount in order that the latter may become visible.—Stanza 59 finally teaches 
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how those mean degrees are rendered true by the introduction of the 
time of rising of the ecliptic in which the sun and the planet are at the time 
(300 vinaclikas being the mean time of the rising of the signs). 

61. For the benefit of his pupils YaraM Mihira of Avanti has com¬ 
posed this short treatise on the smaller planets, which effects an agreement 
between observation and theory. 

62. He whose efforts are frustrated by the (theory of) Mars of Pra- 
dyumna, and by Jupiter, Saturn as made (calculated) by Yijayanandin, and 
by Mercury, let him honour this very accurate treatise. 

63. Which has been composed (? drishta) by Yaraha Mihira, easy to 

understand. 


64. He who, although knowing the faults of others, yet does dot men¬ 
tion them, even when an opportunity offers, but rather proclaims their good 
qualities; to that good man let honour be paid as to a benefactor of his kind ! 

65. Free from jealousy Yardha Mihira gives this excellent short trea¬ 
tise on the smaller planets, comprised in eighteen dryas. (?). 

66. Take the degrees of the sun’s longitude (at the time of the last 
conjunction anteceding the given time), and add to them the days connected 
with the degrees of the (planet’s) motion. If the degrees, thus derived from 
the days, are more (than 360), they are to be taken from a full revolution (i. e. 
360 is to be deducted from them). 

The longitude of the sun is found by adding to his longitude at the last 
conjunction with a planet as many degrees as there have elapsed days of the 
planet’s chara. 

67. Hessen (the ahargana) by 6329, multiply by four, and divide by 
3075, Divide (the remainder) again by four; the result are the days (which 
have elapsed) since Mars was without degrees (i e, had the same longitude as 
the sun). 


68. (Mars) becomes visible when less (in longitude than the sun) by 
15°, within thirty-six days; then (passes) in one hundred and eighty-eight 
days (through) sixty degrees; in one hundred and eight days (through) sixty 
degrees ; within seventy-two days (through) ninety degrees. 
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69. In sixty-eight days (through) fifty degrees; in two hundred and 
forty days (through) seventy degrees. Then it sets ; (passes) thereupon in 
fifty-six days (through) fifteen degrees and becomes niramga. 

70. Lessen (the ahargana) by 14681, multiply by 29 and divide by 
3312; divide (the remainder) by the multiplier ( = 29); you thus obtain the 
days of Mercury. 

71. Mercury having fallen behind (the sun) by twelve degrees—which 
takes place within ten days—rises in the east; thereupon he falls behind by 
ten degrees in fourteen days. (Advancing thereupon) nine degrees within 
eighteen days he sets, and again rises (in the west), having advanced thirteen 
degrees within thirty days. 

72. Then he advances nine degrees within eighteen days, and then, 
falling behind eight degrees within sixteen days, he sets in the west. After 
that, falling behind nine degrees in eight days, he again becomes niramda. 

73. Deduct (from the ahargana)-?, multiply by seven, and divide 

by 2752. Divide the remainder by seven, the result are the days of Jupiter, 
taken from the niranisa position. 

74. Which are to be deducted (counted) from the place of the sun. 
Having fallen back twelve degrees within sixteen days, Jupiter rises in the east. 
He then passes through forty-four degrees within fifty-four days; through 
sixty-four degrees in seventy days. 

75. Through one hundred and twenty degrees in one hundred and 
nine days; through seventy-six degrees in eighty-eight days; through thirty- 
two degrees in forty days. Thereupon he sets, and then passes in sixteen days 
through twelve degrees (when he becomes niramga). 

• • 

76. Lessen (the ahargana) by 11122, multiply by two, and divide by 
1151. Divide the remainder by two. The result are the days of Venus 
counted from the niramSa position. 

77. Falling behind nine degrees within five days Venus rises in the 
east. It then falls behind twenty-one degrees within fifteen days ; after that 
fifteen degrees within two-hundred and eight days; after that it advances 
five degrees (?) within twelve days (?), and sets. 



( 105 ) 


78. Then it advances ten degrees within forty-eight (?) days, and be¬ 
comes niramsa. After that it moves in the opposite direction, and rises in the 
west within the time which it had taken to go to the niramsa position (?); 
and again moving in the opposite direction sets (in the west). 

79. Lessen (the ahargana) by 16518 (?), multiply by three and mul¬ 
tiply by 1118. Divide (the remainder) by three. (The result are the days 
since the last conjunction) of Saturn. In eighteen days he falls behind the 
sun sixteen and a half degrees, and then rises in the east. 

80. Then he falls back ninety and a half degrees within ninety-eight 
days; then thirteen degrees within fourteen days. Then one hundred and 
twenty degrees within one hundred and thirteen days; then ninety-one de¬ 
grees within ninety-eight days. 

81. Then in thirteen days twelve degrees and a half. Then he sets, 
and, passing within twenty-one days through sixteen and a half degrees, he 
becomes niramsa, being always behind the sun. 



